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SAFEGUARDING OUR MINERAL-DEPENDENT ECONOMY 


(Address of the Retiring President of The Geological Society of America) 
By T. S. Loverinc 


ABSTRACT 


The American economy is built around the manufacturing and construction industries, which in turn 
are dependent on mineral supplies. 

Our economy has flourished under economic philosophy rooted in the free enterprise system, but both 
are changing radically. Our basic belief has been that competition, with an absolute minimum of govern- 
ment interference, is the best possible way to achieve lowest cost, highest quality, and the largest quantity 
of any particular goods for the consumer. This requires competition among laborers for jobs and compe- 
tition among manufacturers for markets. Competition in labor means a permanent reservoir of temporarily 
unemployed and less security for the worker. To maintain competition for markets requires that the con- 
sumption of goods be less than the production of goods, and requires also that the purchasing capacity 
of the consumer be less than the potential productive output of the economy. Overproduction is a prime 
cause of business failures, but the more business failures per year the lower the cost to the consumer with 
a fixed income. To work successfully, the free enterprise system obviously requires a delicate adjustment 
of conflicting interests, an optimum percentage of business failure, an optimum percentage of unemployed, 
and an optimum relation of production to demand and purchasing power. 

Government-controlled private enterprise became necessary during World War II in the United States, 
and prices, credit, purchases, and employment were all managed by government agencies, although the 
man above draft age was relatively free to choose his occupation or business. Government-controlled 
state enterprise ranges from relatively democratic socialism to the Communist police state. In contrast 
with free enterprise the latter fixes the quality, quantity, wages, profits, prices, kind of merchandise, and its 
distribution. In theory this type of economy permits planning for national objectives and utilization of 
the nation’s resources to the best advantage for both short- and long-range needs. Against this is the diffi- 
culty of providing incentives to produce more, better, cheaper; the problem of getting efficiency in gov- 
emment controlled industry; the lack of freedom of labor to bargain with its employer; and the determi- 
nation of kind, quality, and quantity of goods by bureaucrats rather than by consumer demand. 

Our current industrial economies are all dynamic, and their industries show characteristic sigmoid growth 
curves when output is plotted against time. When industrial maturity is reached the percentage increase 
diminishes until it is no greater than the percentage increase of the population. This stage corresponds to a 
fattening of the sigmoid curve, and, as our industrial economies represent a summation of the industries 
of the country, it is evident that the percentage increase in production of the manufacturing segment of the 
economy as a whole must eventually drop. In an agriculturally self-sufficient nation the growth of production 
will closely parallel the growth rate of the population, if surpluses or deficiencies are avoided. 

The products of industry are sold to four types of markets: domestic consumer market, the inter-industry 
or plant-expansion market, the government market, and the foreign market. The first two are of prime 
importance in the early stages of industrialization, but in time the consumer market tends to level off at a 
certain per-capita figure, determined in large part by the median wage paid to the industrial worker rather 
than by the satisfaction of his desire for goods. This reflects the multiplication of production by machinery 
and the fact that the labor force in general produces much more than it purchases, after the plant-expansion 
market has decreased in importance. This commonly leads to either unemployment or to the government 
subvention of industry through artificial markets supported by loans largely from the higher-income groups. 

In the past the artificial market supported by our national government has fluctuated tremendously, 
but its varying importance is clearly shown by changes in the national debt which have a conspicuous corre- 
lation with wars and times of crisis. Each major war saw an increase in the national debt over that incurred 
in the preceding war by a factor of about 10. Artificial peace-time markets became an important factor in 
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our national life in the 1920s, with private and government loans, later repudiated, to build up the deyy 
tated areas of Europe. During the 1930s the government began to subsidize the national economy on aly 
scale, and after the depression it continued to do much to bolster our economy by increased military em 
ditures. 

It has become apparent gradually that the distribution of income is a political decision, and during 
past half century both labor and the farmer have voted consistently in such a way as to bring strong pry 
sure to bear on the Congress to redistribute income to their benefit. The organization of labor has by 
of immeasurable benefit to many lower-income groups, and the parity price-support program for the fame 
similarly has helped their income tremendously. The change in our political, social, and economic philosoply 
has now reached the place where the government is charged with the responsibility of maintaining fj 
employment, and to do this it spends large sums to maintain artificial markets. Loss of these mark 
supported by gigantic public funds would now cause a chaotic dislocation in our economy, and I am fom 
to the conclusion that we should expect changes but of diminution in our artificial markets. 

The situation that we have reached is vividly shown by a chart indicating steel output (Fig. 8). Ty 
amount of per-capita steel output required to maintain full employment has increased constantly as te 
efficiency of industrial processes has increased, but the market dependent on unsubsidized consumer dema/ 
leveled off between 700 and 800 pounds per capita years ago. There is a steadily growing spread betwen 
the curve representing per-capita consumer demand and the curve for per-capita steel consumption uk 
full employment, which has tremendous economic, political, and social implications for the future. Ite 
phasizes our major problem, the bald fact that our labor force can produce much more than its wages by 
with the present distribution of income, and challenges our entire economic philosophy. 

Drastic changes may be in the offing, but we will not return to an agricultural economy; the mineal 
industry on which our industrial plant is utterly dependent is seeing constant changes in its own economi 
position, with attendant social and political problems. 

It is impossible to say when the mineral deposits supplying our industry will become depleted, butd 
mineral deposits are ultimately exhaustible. The tempo of exploration and development should be adjuste 
to current and future needs for raw materials by industry, and such problems should be studied by am 
eral-appraisal group set up in government and co-operating with industry. Even though ultimately resead 
on ore-finding techniques, together with the statistical studies of such a group, enables us to find ore bots 
in areas that are now unprospected, the time lag between discovery and production is a neglected factord 
vital importance in utilizing newly discovered deposits or reserves already known in mines temporal 
shut down. 

Under really free enterprise any source of raw materials unable to produce competitively with othes 
should be ruled out, but the mining industry has been subsidized in one form or another for many decata 
and it is inconceivable that we should ever again have a really free market. It is essential to the secutiy 
of the Free World that domestic mining industries be maintained with a dependable labor force in actit 
production. To this end I propose that the United States guarantee a price support for all the dumit 
mineral raw materials essential to industry and accumulate reserve stocks of these raw materials for decals 
to come. There should be a continuing price support, guaranteed for at least three years in advance. It 
lieve that this would reassure both capital and labor at home and abroad as to the stability of their ming 
industry. The reserve stocks should in no way be confused with buffer stocks, nor with our military ste 
piles which of course should be kept intact and separate from the reserves I propose. Such reserve stad 
should be built up continuously until at least equivalent to about five years’ consumption. If the rated 
accumulation averaged 20 per cent of our national consumption per year the present economy will not 
materially disturbed. During periods of depression or business recession the reserves would be built w# 
a faster rate because of the price support and the diminished consumption of the industrial market. Ts 
plan would help bring venture capital back into the mineral industry at home as well as abroad, it woul 
minimize labor troubles and preserve the skilled labor force which is essential to security, and should a 
remove pressure on both labor and management to ask for high tariffs. 

This government-supported market would give dollars to foreign nations in exchange for raw materi 
and would tend to hold up their economies much as the Marshall plan has done in the past. These reser 
would diminish rather than increase international tensions, and its value in terms of security cannot! 
overestimated. Both its immediate and secondary effects will materially aid in safeguarding the industid 
economy of the free world, and could bea vitally important factor for preserving peace and harmony amt 
the family of nations. 
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INTRODUCTION 


All of us realize that the mineral industries 
play an indispensable role in our nation’s 
economy, but usually we are far too busy in 
some narrow segment of our profession to have 
time to examine the larger aspects of our ever- 
changing economic system although it ulti- 
mately determines our work, our income, our 
standard of living, and the security of present 
and future Americans. The mineral industry 
isa small but very vital part of this economy 
and is firmly tied to the manufacturing and 
construction industries, which in turn are de- 
pendent on mineral supplies. 

This manufacturing economy of ours has 
grown great under the free enterprise philos- 
ophy. We must face the fact, however, that in 
the past 25 years our social and economic 
philosophy has changed radically and that 
our responsibilities have become those of world 
leadership. The domestic and foreign prob- 
lems we face in the not-distant future are 
interwoven with a fundamental dependence on 
shifting sources of wasting assets—of minerals 
for industry. I intend to propose a course of 
action—perhaps it should be called a change 
Mm our national economic philosophy—that 
will provide a firm foundation for our mineral- 
dependent economy for many decades to come. 
Specifically, I shall propose that this country 
accumulate large quantities of durable indus- 
trial raw materials, not as emergency stock- 
piles, but as reserve stocks comparable in 
aggregate value to our gold reserves. The 
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Figure 

2.—Increase of efficiency in the use of coal... . 

3.—Distribution of net national income by 
industrial classes , 

4.—Consumer credit, personal savings, and 
unemployment 

5.—Effect of major wars on the national 


6.—Percentage distribution of wage earners by 
income, before tax, 1939 and 1949 
7.—Median wage or salary income per worker 
by major industry groups, 1939 and 1949. 117 
8.—Per-capita production of steel in the United 
States, and U. S. production of steel in 
millions of short tons 





primary objectives of this plan are to help 
stabilize the mining industry at home and 
abroad, and thereby strengthen the free world 
economies and to provide us with a powerful 
instrument designed to minimize international 
friction and to promote peace. 

There is much doctrine and more propaganda 
in the average article discussing economics to- 
day—which too often is written to “make a 
point” for some particular pressure group and 
to justify a course of action that may prove 
inimical to the interests of the majority of the 
people. This analysis may not be free of these 
same faults, but, in support of my hope that it 
is fairly objective in its discussion, I can say 
that many of my preconceived ideas have been 
completely changed as I have delved deeper 
and deeper into the morass of statistics, claims, 
and counterclaims of various economic groups. 
Incidentally, I want to make it perfectly plain 
that, although I am a member of the U. S. 
Geological Survey, the ideas and opinions I 
express are definitely my own and do not neces- 
sarily either reflect or agree with those of the 
U. S. Geological Survey, nor with those of the 
many friends with whom I have had very 
profitable discussions. I wish, however, to 
specifically acknowledge the acuminate criti- 
cisms given by Mr. James Gilluly, both of 
manuscript and of ideas. I am also deeply in- 
debted to Mr. Allen Bassett for much help 
in assembling and graphing statistical informa- 
tion and to Miss Elizabeth Wellshear for some 
unusually difficult pieces of library research— 
especially that involved in digging out the 
data regarding war consumption of steel. 
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Before considering some of the dangers now 
visible for our mineral-dependent economy and 
measures to safeguard it, we should analyze a 
few obvious and tacit assumptions made con- 
cerning the economic framework of our lives, 
the better to discover its strength and weakness. 


THE Major Economic Systems 
Free Enterprise 


Reduced to its simplest terms the funda- 
mental philosophy of free enterprise is that 
competition, with an absolute minimum of 
government interference, is the best possible 
way to achieve the lowest cost, the highest 
quality, and the largest quantity of any par- 
ticular goods for the consumer. Implicit in 
this belief is the assumption that labor competes 
for jobs and that producers compete for the 
market. If we pursue the consequences of these 
assumptions and beliefs we immediately find 
ourselves in an area of conflict, faced with 
unpalatable choices. First, if there is to be the 
competition for jobs necessary to get efficient 
and dependable labor, we must have a perma- 
nent reservoir of temporarily unemployed. 
Furthermore, the larger the reservoir of un- 
employed, the greater the competition for 
jobs, and the higher the degree of efficiency 
which may be expected from the laborer. The 
increase in efficiency of labor, as measured in 
units of output per man hour, was very marked 
during the Great Depression, and lends this 
assumption a certain credibility but it dis- 
counts the part played by the engineer. We 
could also consider as a corollary that the 
higher the unemployment the less security each 
worker feels in his job tenure and, therefore, 
the less security the greater the production per 
capita. To all of which we can answer that there 
may well be an optimum figure for unemploy- 
ment and an optimum amount of insecurity 
to give free enterprise the most satisfactory 
labor efficiency with the least burden on the 
economy as a whole. 

To maintain competition for markets 
amongst producers the consumption of goods 
must be less than the production of goods. 
This in turn requires that the purchasing 
capacity of the consumer be less than the po- 
tential productive output of the economy if 
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the consumer is to benefit from the fundament 
principles that underlie free enterprise. Wha 
purchasing power exceeds production, compet. 
tion shifts from the seller to the buyer and inh. 
tion results, unless there is government inte. 
vention—the whole idea of which is contry 
to the tenets of the free enterprise system, 

Are we then to conclude that, to achiew 
the desideratum of lower costs, better materia, 
and increasing abundance of goods, we shouli 
have over-production and high unemployment} 
There is no doubt but that the greater th 
over-production the keener the competition 
amongst the sellers and the lower the cost tp 
the consumer. It is a further corollary that the 
greater the over-production, the larger th 
number of business failures that result; ther. 
fore, the more business failures per year, th 
lower the cost to the consumer; and yet fer 
entrepreneurs would choose this as an inde 
of successful free enterprise. It may be noted 
in passing that this statement of the situation 
is really quite accurate for those with fim 
incomes. The years in the Great Depressi 
when business failures reached the all-tim 
high of over 900 million dollars worth of liabil 
ities per annum saw the largest purchasig 
power of the dollar, and therefore resulted» 
achieving for those with fixed incomes tk 
stated objectives of free enterprise: the best 
the most, for the least. 

In summary, then, we may say that to wot 
most successfully the free enterprise syste 
requires a very delicate adjustment of confit 
ing interests, an optimum percentage of busines 
failure, an optimum percentage of unemployti, 
an optimum relation of production to demasl 
and purchasing power. The last is especialy 
hard to keep in balance. The virtue of thiit 
may suddenly become the vice of hoarding, 
and the overall effect of savings on an econolly 
is definitely adverse when the uninvested ass 
start to increase appreciably. If uninvesttl 
savings and other withdrawals increase at mot 
than the population growth rate then artificll 
markets must be found for part of the gos 
produced if catastrophic unemployment 5 # 
be avoided. This was clearly true in the + 
pression of the 30s and during World Warl, 
and brings me to the so-called con 
economy which characterized the war yeal 





THE MAJOR ECONOMIC SYSTEMS 


Controlled Economies 


Controlled economies are of two very differ- 
ent sorts; the first I would call government- 
controlled private enterprise and the second 
government-controlled state enterprise. During 
World War II the United States went into a 
government-controlled private enterprise econ- 
omy. The government rigidly controlled prices, 
credit, and in a lesser degree purchases, and to 
a slight extent employment also, but left the 
individual above draft age relatively free to 
select his job or to engage in entrepreneureal 
activities of his own choosing. The purchasing 
of scarce goods required an elaborate system 
of priorities which was very irksome to every- 
one concerned. Government rationing of food 
was an annoyance that few of us will forget, 
but an important thing to note is that this 
system with all its inconvenicenes did prove 
workable under very difficult circumstances. 

Government-controlled state enterprise 
ranges from the relatively democratic socialism 
of Great Britain or Sweden to the police state 
under which the current Communist govern- 
ments of the world operate. The latter seems 
to combine the worst features of free enter- 
prise and government-controlled private enter- 
prise with a few peculiar to Oriental despotism, 
but in theory, at least, it has one or two of the 
better features that marked government con- 
trol of private enterprise. It started with the 
Marxist assumption that all workers were 
equal and the logical deduction that all in the 
labor force should therefore receive the same 
compensation. This assumption soon proved 
quite unworkable, and by the late 1930s there 
was already a greater discrepancy between 
the lowest and highest annual take-home pay 
of Soviet workers than of those in the United 
States labor force,—and I include the so-called 
captains of industry in our labor force; a very 
few nonwage entrepreneurs undoubtedly ex- 
ceeded this. 

It is of course difficult to speak objectively 
of the controlled state enterprise economy of 
the Communist type because of the interrelation 
of Communist ideology which in its many 
Vicious precepts and practices is utterly repug- 
tant to me. Fixing our attention on the econ- 
omy alone, however, it may be said that, in 
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contrast with free enterprise, the government 
itself determines quality, quantity, wages, 
profits, prices, kind of merchandise, and its 
distribution. Two things can be said for the 
Communist type economy on the credit side, 
however. The first is that it has kept going 
for more than 30 years in spite of predictions to 
the contrary. The second is that it permits 
planning for national objectives and, in theory, 
the utilization of the nation’s resources to the 
best advantage for both long-range and short- 
range needs. Against this, however, we must 
place the difficulty of providing a strong in- 
centive to produce more, better, cheaper; the 
supposedly greater problem of getting efficiency 
in government-controlled industries; the lack 
of freedom of labor to bargain with its employer; 
and the determination of kind, quality, and 
quantity of goods by bureaucrats rather than 
by consumer demand. The intelligent integra- 
tion of the labor force in a planned economy 
may be responsible for the continuing steep 
growth curves of industry in the U.S.S.R., as 
the Communists believe, but almost any type 
of industrial economy would operate success- 
fully given the resources and internal market 
enjoyed currently by the U.S.S.R. 


CHARACTERISTICS OF INDUSTRIAL ECONOMIES 


Regardless of the philosophy governing the 
various industrial economies of the world, they 
have several characteristics in common, to some 
of which I wish to direct attention. 

They all comprise dynamic rather than static 
factors; the industries of which they are com- 
posed show definite patterns of growth,— 
sigmoid curves where output is plotted against 
time. In recent years much has been written 
on the characteristics of industrial growth 
curves, all of which belong to that general 
mathematical group known as logistic curves. 
Typical of them is the so-called Gompertz 
growth curve frequently used to compute the 
expected general changes in individual in- 
dustries (National Industrial Conference Board, 
1952). A few selected examples of growth curves 
are shown in Figure 1 to emphasize the charac- 
teristics of some major components in our own 
economy and to suggest the type of change 
that takes place in all industrial economies. 





106 


The characteristic of the growth curves shown 
in Figure 1 on which to fix our attention is the 
change in rate of growth as measured by the 
annual percentage increase, not the numerical 
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The motor-vehicle industry at first expandg 
phenomenally, but by 1950 its growth mp 
had dropped to slightly more than 1 per cey 
per annum, not much more than the rate ¢ 
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FicurRE 1.—SELEcCTED EXAMPLES OF GROWTH CURVES IN THE UNITED STATES 


Showing: Steel Ingot Production, Output of Portland Cement, Motor Vehicle Registrations, Potato 
Production, and Population Growth in the United States. 


change from year to year. In every instance, 
after the burgeoning of an industry the rate 
of increase holds steady for some time and 
then drops rapidly. For example, steel produc- 
tion prior to 1917 increased at about 4 per 
cent per annum, but the rate has since fallen 
until now the trend is upward at only a little 
more than 1.0 per cent, and, though a sharp 
increase in steel production may be expected 
because of government demand, annual produc- 
tion would probably fall far below 100 million 
tons if the government supported market 
weakened (Fig. 8). Similarly the output of 
Portland Cement was rising at the rate of 
1044 per cent per annum until about 1909 
when the rate dropped sharply; by 1951 it had 
fallen to approximately 0.2 per cent per year. 


population increase in the United States. Th 
flattening of industrial growth curves reflects 
with clarity the change in the normal (nor 
government) consumer market after the initial 
demand is satisfied. Food production should 
parallel population growth, and, as illustrative 
of food commodities, potato production in the 
United States shows a growth rate through the 
years directly comparable to that of the popr 
lation. 

The efficiency of machines also shows 4 
growth curve and one that has a definite limit 
imposed by physical laws. The increased out 
put per worker during the past several decade 
has been largely brought about by the enginet® 
who have designed more and more efficiet! 
machines, rather than by the increased sil 
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or diligence of the laborer. The new equipment, 
however, may demand greater attention and a 
higher order of ability in the operator than did 
the mediums replaced. Ultimately, in spite of 
1925 
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per capita. “Industry” is a summation of its 
industries; it therefore seems logical that the 
growth curve of the total industrial output 
should flatten—unless some substantial change 
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ELECTRIC POWER IN POUNDS 


OF COAL PER KILOWATT-HOUR 


(CENTRAL STATIONS) 


Ficure 2.—INCREASE OF EFFICIENCY IN THE UsE oF COAL 


Showing: Electric power in pounds of coal per kilowatt-hour (Central Stations). 


engineering, the decreasing costs (and the per 
capita output) in industry must level off, but 
we are still far from approaching the ultimate 
limit in machine efficiency in some industries. 
The consumption of coal per kilowatt hour in 
dectrical plants, on the other hand, clearly 
indicates the approach of top efficiency for 
the present type of equipment, and this is 
characteristic of the changes to be expected in 
the industrial era (Fig. 2). 

_ Ifthe trends now apparently well established 
in the United States continue, we will see in 
the not distant future both a leveling off in 
the efficiency of machines and in the demand 


in our economy takes place. In this conclusion 
I differ with the outlook expressed by the Presi- 
dent’s Materials Policy Commission (1952, 
p. 3) which “assumes no more than that the 
nation’s economy will continue to grow at 
about the rate it has grown during the most 
recent one hundred years of economic activ- 
ity.” 

It is to be expected that in our country 
agricultural production will closely parallel 
the growth rate of the population, if surpluses 
and deficiencies are avoided. The domestic 
consumer demand can fluctuate little, and, re- 
gardless of purchasing power, agricultural 
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products will hold first priority on the con- 
sumer’s income. The manufacturing industry, 
on the other hand, is powered by the twin 
engines of consumer purchasing power and 
consumer desires. These two are usually united 
in the single term “demand,” but it is important 
in analyzing the characteristics of the industrial 
era to realize that demand is made up of these 
two very different factors. The various growth 
curves for industry that are shown in Figure 
1 primarily indicate the approaching limits of 
consumer demand under the present economic 
systems. Any marked change in the basic 
economy might be reflected by a sharp upward 
swing in demand and a corresponding new 
growth pattern, or conversely by a sharp 
decline in some industry because of the restric- 
tion of a market. 

In general, industry has depended on four 
types of markets: The first of these is the 
domestic consumer market, the second is the 
inter-industry or plant-expansion market, the 
third is the market provided by Government, 
and the fourth is the foreign market. In the 
early stages of industrialization, the first two 
markets are of prime importance and are more 
than enough to supply a satisfactory demand 
for industrial production. In time, however, 
the consumer market shows a disconcerting 
tendency to level off at a certain per capita 
figure, determined in large part by the median 
wage paid to the industrial worker, not by the 
satisfaction of his desire for goods (Figs. 1, 7). 

For more than a century and a half one of 
the most striking characteristics of the indus- 
trial era has been the multiplication of produc- 
tion by machinery. This is aptly illustrated by 
a statement in Mulhull’s Dictionary of Statis- 
tics for 1889 (p. 365): 


“A girl twelve years of age in a Lancashire mill can 
turn out 35 of printed calico daily, her work 
in one year sufficing to clothe yearly 1200 persons in 
the East.” 


This illustration is cited because I wish to 
emphasize two important factors: The child’s 
wages, which probably amounted to less than 
25 cents a day,' were far less than the value 


1In the early 1890s a similar laborer received 
from 1}4 to 4 cents per hour in the United States 
(Wright, 1894). 
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she added to the raw materials by her labor! 
and second, when considered in relation t 
present political and social attitudes, it emphs. 
sizes the amount and the direction of change in 
our economic mores. 

Throughout the industrial era machin 
production has been characterized by the fact 
that each machine operator produces good, 
the value of which is far above his purchasing 
power to consume. The great range in pay ¢ 
individuals in the labor force results in a pu- 
chasing power practically at the subsistence 
level for the lower deciles of our population, 
while income for a small per cent remains » 
large as to require diversion chiefly to invest. 
ments and taxes rather than to goods. Although 
the inference that the purchasing power of the 
industrial worker will not support a market for 
his products may be debated by a few, ther 
is no escape from the fact that for many year 
the labor force has failed by a substantial 
margin to buy its own output. This poses some 
interesting problems. These problems as wel 
as the general characteristics of an industrial 
economy are perhaps better appreciated after 
scrutinizing a relevant example. And one d 
the best is that of our own nation. 


* According to information supplied by th 
Oldham Master Cotton Spinners Association d 
Lancashire: 

™ of employment. For half-time work in 

1889 juveniles had to be 10 years of age (in- 

creased in 1893 to 11). For full-time work 

juveniles had to be 13 years of age, and must 
have attained a‘certain standard of education 

(calculated mainly by number of school at- 

tendances), otherwise they had to be 14 years 


of age. 

“Flours of work (full-time). 5634 hour 
Weekdays 6 a.m.—6 p.m. with 2 hours for meals, 
Saturdays 6 a.m.—1 p.m. with 44 hour for meal. 

“Wages. Varied with the type of ‘mule.’ A 
junior newly working full-time would earn ap- 
proximately 8 shillings per week. On weft mules, 
which were larger, he could earn up to 13 
shillings. 

“A half-timer would get about half a full 
timer’s earnings, and probably not more than 5 
shillings per week.” 

Cotton cost £2 per bale in England in 1889, 
approximately 2 cents per pound; the primi 
calico made from raw cotton in these Lan 
mills was valued at £5 per 100 yards or about 4 
cents per yard; 35 yards of calico weighs about | 
pounds, and thus the labor and raw materials i 
the 35 yards of printed calico would be well unde 
50 cents as contrasted with the value of $8.75 i 
the finished product of a day of child labor in & 
Lancashire of 1889 (Mulhull’s Dictionary of 5* 
tistics, 1892, p. 482). 
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Tue UnrreEp STATES Economy SINCE 1800 


The chart shown in Figure 3 gives a graphic 
summary of the development of the United 
States into a virtually self-sufficient industrial 
nation from the dominantly agrarian nation it 
was 150 years ago. It does not, however, por- 
tray the economic stresses and strains that 
accompanied the change, nor does it show the 
vast increase in national wealth and in our 
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remain at least this high if our standard of 
living is maintained. Trade and non-government 
service usually contribute approximately 30 
per cent of the national income, and it is worthy 
of note that as this percentage increases the 
economy as a whole suffers; its maxima clearly 
correspond to business recessions. The wages 
and salary paid to government workers, both 
military and nonmilitary is properly allocated 
to the service segment of our economy, though 


WAGE INCOME OF ALL 
GOVERNMENT SERVICES 
(in percent of RPP.1) 


FINANCE AND OTHER 


TRADE AND SERVICE 


TRANSPORTATION 
AND COMMUNICATION 


MANUFACTURING 


MINERAL INDUSTRIES 
AGRICULTURE 


FicurE 3.—DIsTrRIBUTION OF NET NATIONAL INCOME By INDUSTRIAL CLASSES 
(Realized Private Production Income) 


Showing: Finance and other, Trade and Service, Transportation and Communication, Manufacturing, 


Mineral Industries, and Agriculture. 


standard of living during this period. In 1800 


5 nearly 40 per cent of our entire national income 


came from agriculture and related industries, 
12 per cent from manufacturing, and only 0.1 
per cent from our mineral industries; a century 
and a half later agriculture contributed only 
13 per cent, but industry accounted for a third 
of our national income, and the mineral in- 
dustries are credited with 6 per cent. 

For 150 years the aggregate contribution of 
agriculture, the mineral industries, and manu- 
facturing has approximated 50 per cent of the 
total net national income and probably will 


they are usually excluded from consideration 
in discussions of national income, but see Figure 
3. Prior to 1929 the sum paid during peace time 
to workers for state, local, and county govern- 
ments was approximately five times that paid 
to all federal employees—both military and 
civilian. After 1930 the ratio of the two steadily 
decreased, and during World War II the num- 
ber of civilian federal employees equalled that 
for state, local, and municipal governments, 
and the ratio has remained approximately one 
to one for the seven years 1946-1952. In 1929 
the total income of all government employees— 
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federal, state, county, and local—amounted to 
534 per cent of the national income; in 1949 
the percentage had risen to 9. 

The increase in government payrolls during 
World War II required to administer a govern- 
ment-controlled private enterprise system was 
actually a far smaller cost to the consumer than 
the decrease in purchasing power of the dollar 
since the close of the war. Because of inflation 
the gross national income of 240 billion dollars 
in 1951 was equivalent to about 140 billion 
1945 dollars; the national income in 1945 was 
180 billion, about 40 billions more than the 
purchasing power of the much larger 1951 gross 
national income. This is a direct measure of the 
inflation consequent on removing government 
control on prices, consumers, labor, and pro- 
ducers. It has become painfully plain that in- 
flation is caused now by more factors than 
competition amongst the consumers. 

It is unlikely that per-capita agricultural 
consumption will vary appreciably, and, if 
the national income changes, the current 13 
per cent now attributable to agriculture will 
probably shift in an opposite direction; trans- 
portation and communications fluctuate with 
the economy as a whole and should shift little 
from approximately 8 per cent. There is, how- 
ever, clear evidence that our manufacturing 
potential is much greater than its current con- 
tribution, and only the lack of markets prevents 
this segment of our economy from accounting 
for 35 or 40 per cent of the national income. 

In the early part of our history, then, prod- 
ucts of agriculture dominated both our domestic 
and our export markets, but near the latter half 
of the nineteenth century the United States 
shifted gradually, but irretrievably, from an 
agricultural to an industrial economy. 

During the rapid growth of many new manu- 
facturing and mining industries, the normal 
demand of the inter-industry market and the 
personal consumer market sufficed us; net 
export foreign markets and artificial govern- 
ment-supported markets consumed a negligible 
part of our gross national products. The per- 
centage rate of increase of our major industries 
first began to drop perceptibly during the 1920s 
as the early widespread domestic demand for 
products of the industrial era slackened under 
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the impact of production-line methods. With, 
a decade it had dwindled to relatively unifom 
per-capita requirements. In spite of this oy 
industrial plant has continued to grow eng. 
mously with only a temporary setback in th 
early 30s. The weakened personal consume 
market has been offset so far by our growing 
artificial markets. 

This development in our current economy 
seems to have started as an aftermath of Worl 
War I when private and government lendiny 
to the devastated countries in Europe was e. 
tremely popular. The loans drew off the surply 
savings above those that would normally hav 
been spent on our own consumer market and 
made possible a strong foreign market—byt 
soon put us in the position of the largest an 
least liked creditor nation in the world. 

The ultimate repudiation of virtually al 
this debt is now history and was largely r 
sponsible for the policy adopted by the Unite 
States, following World War II, of makin 
funds available to favored nations for economic 
aid if the money were spent in American mar 
kets. Little or no return was expected for most 
of this money except the increased security 
we enjoy from strengthening the industrial 
plant of friendly but competitory nations ani 
the second-hand subsidy provided our indu- 
tries. Our Economic Aid to Europe has ost 
several billion dollars annually for many yeas 


?The Dawes ‘Plan re-established Germanys 
credit, at least in the United States, and made thi 
bond market popular. German bonds bought ly 
Americans approximately equalled the total Germa 
reparation payments, which from the inception d 
the Dawes Plan to the Hoover moratorium of 1%! 
amounted to $2,584,870,400 (Hodgson, 1932, p 
212). The best available figures show that the tot 
of American long-term loans and short-term credit 
to Germany was about $2,705,490,000 in 1931. b 
other words, it would seem that Germany pail 
France, England, and other allied countries, except 
the United States, only what the American bat 
investors paid in. The total obligations of foreg 
governments held by the United States Governmet! 
at the end of 1929 amounted to about 11.5 billia 
dollars, but the short-term and long-term 
held by American investors in European paper ¥# 
approximately 7 billion dollars at this time. Its 
presumed that much of the 18 billion dollars st 
abroad was used to buy American ax 
certainly it did much to hold up the market i 
exports of industrial equipment during the decatt 
preceding the depression. 
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and has supported an artificial or “negative” 
market that takes an appreciable percentage 
of our gross national product. 

Another type of artificial market maintained 
by the Federal government is that of outright 
subsidy to groups that are important either 
because of political pressures or because of 
security and economic factors. In this category 
belong such things as parity farm prices and 
the essential, but indirect, subsidy paid to 
commercial aviation through the Civil Aero- 
nautics Administration services in maintaining 
air fields, beacons, and the like, as well as the 
direct subsidy for air mail; also the substantial 
aid accorded our Merchant Marine to enable 
them to meet the competition of the foreign 
merchant marine which has lower wages and 
consequently lower costs. 

By all odds the most substantial direct 
government subsidy market is the one sup- 
ported by the relatively high sum paid to 
veterans, approximately 5 billion dollars per 
year. This together with the interest on our 
national debt accounts for about 11 billion 
dollars a year ot federal spending. When Euro- 
pean Aid, price supports, and other similar 
subsidies are added, the sum allocated to the 
direct support of artificial markets—past and 
present—costs annually about 18 to 20 billions 
exclusive of all military expenditures. 

A somewhat dangerous artificial market is 
easily created by credit expansion, which in 
tun is largely controlled by Federal policy. 
Consumer credit, like personal savings, has 
little effect on the economy so long as it remains 
tdatively static, but when it expands at the 
rate of billions of dollars per annum for several 
years it creates an artificially supported market 
which could blow up in our faces when credit 
is again restricted, as witness the Great De- 
pression of the 30s. 

The relation of consumer credit, personal 
savings, and unemployment is shown in Figure 
4,and this chart is worthy of some study, bear- 
ing in mind the artificial markets that have been 
wupported by the government since World War 
Il In 1945 the backlog of personal savings was 
at its highest figure in more than a quarter of 
acentury (U. S. Dept. Commerce, 1951, p. 152) 
and reflected the earnings dammed up by tight 
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government controls on consumer goods mar- 
kets during the war and the diversion of in- 
dustrial capacity to the artificial market 
created by war-time needs. The increase in un- 
employment from 1 million in 1945 to 2 million 
in 1946 is surprisingly small when we consider 
the large number of men turned loose from the 
army during the latter part of 1945 and in 1946. 
Unemployment remained relatively stationary 
for three years and then began to rise sharply, 
reaching a peak in mid-1950 when the Korean 
war broke out. The remarkably rapid drop in 
personal savings through 1946 and 1947 indi- 
cates that consumer demand was exploited to 
virtually the full capacity of the personal con- 
sumer market, and the increase in unemploy- 
ment in 1949 and 1950 suggests that even the 
backlog of personal savings accumulated during 
World War II was nearly used up by most of 
the labor force within the first three years 
following the war. It is further worthy of note 
that, even with the government subsidies and 
artificial markets maintained through price 
supports and Economic Cooperation Admin- 
istration, industrial production was insufficient 
to keep unemployment from doubling in less 
than 14 months. This increase in unemployment 
was largely in the durable goods manufacturing 
industries and showed a ratio of about two to 
one relative to unemployment in nondurable 
goods. 

It is not surprising therefore, with the sudden 
increase in plant expansion necessitated by the 
Korean war, together with the consumer 
“scare-buying” demand, that unemployment 
should drop off rapidly and that our gross 
national product should continue to increase 
through 1951 and 1952. Without the psycho- 
logical effect: of the Korean war and the artificial 
market created by the heavy government de- 
mand for armaments, I see nothing within the 
current operation of the free enterprise econ- 
omy that would have changed the trend toward 
increasing unemployment. Because of the 
political power of labor at the present time and 
because the distribution of national income is 
ultimately in the hands of our political repre- 
sentatives, it seems most probable that, even 
without the Korean “Police Action,” govern- 
ment economic intervention would have come 
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about in some form well before the close of Following each war there was a temporary & 
1952. crease in the debt, but it is worthy of note thy 
The market supported directly by our Na- each of our major wars has seen an increay 
tional Government has fluctuated tremendously by a factor of about ten, in the national deb 
in the past century and a half, and its varying over that incurred for the preceding war. 
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FicurE 4.—CONSUMER CREDIT, PERSONAL SAVINGS, AND UNEMPLOYMENT 
Source: Dept. of Commerce, National Income Supplement to Survey. 


importance in the national economy is reflected Prior to the Great Depression of the eatly 
by the changes in the national debt, which show 1930s the government was a heavy, but inter 
parang comeiation with ware and times mittent, buyer, and the heavy buying was cot 
of crises (Fig. 5). If we consider only the wars fined to ti § “hot” Beginning in th 
we note some interesting increases in the desgrotbte Merce Brice 
national debt: 1930s, however, a different pattern became er 
The War of 1812 $140,000,000 dent—that of a growing intervention in + 
The Civil War 2,500,000,000 national market during periods of peace-tilt 
World War I 25,000,000,000 economic crisis, as well as in time of declared 


World War II 250,000,000,000 war. 
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Ficure 5.—ErFrect oF Major WARS ON THE NATIONAL Economy 
Showing: National Debt, Total Federal Expenditures, Interest on the National Debt, Totai Popula- 


tion, and Wage Earner Population, and Value of National Wealth in Constant (1926) Dollars. Data 
from Historical Statistics of the United States and Statistical Abstracis of the United States. 





Military and security expenditures fluctuate factor in holding production and employment 
‘iormously (12 billion in 1950, 40 billion in at high levels. We hope, however, that even- 
1952) but have been the largest single item of tually the price of security will diminish, and 
‘penditure by the government for more than I look forward to the time when we again will 
a decade, and have provided our contradictory be faced with the same old problem, what to 
‘“onomy with a market that has been a major do with the excess of productive capacity above 
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the demand created by our normal internal 
market—remembering always that demand 
consists of two essential ingredients, purchasing 
power and desire for goods. 


Some Economic CAUSES OF CHANGING 
SoctaL ATTITUDES 


The nineteenth century was one of lush 
production with the exploitation of natural 
resources, labor, and ingenuity pushed to the 
utmost. Our country was endowed with richer 
natural treasures than almost any similar area 
in the world. Too much of our success in achiev- 
ing world pre-eminence has been ascribed, in 
my opinion, to a unique capacity in the average 
American citizen for hard work, vision, and 
intelligence; too little has been credited to our 
natural endowment. The upward curve of our 
national income, our standard of living, and 
our national prestige is correlatable in part 
with an amazing number of windfalls. The 
acquisition and exploitation of virgin forests 
and untouched prairies enormously enriched 
our westward-moving frontier—but this type 
of plunder is not there to be taken again; 
the vast mineral deposits that are the founda- 
tion of our industrial power were untouched 
through centuries that saw European mineral 
deposits greatly depleted. The easily discovered 
deposits have now been found, and from here 
on we will earn our discoveries. In contrast, 
the U.S.S.R. is still a country of large frontiers. 

The shift in our raw-materials position— 
and in our industrial economy—is emphasized 
by the change in composition of our export- 
import trade during 75 years. In 1880 crude 
materials made up 70 per cent of our exports, 
in 1946-1950 only 25 per cent; in 1880 crude 
materials made up 12 per cent of our imports, 
in 1946-1950 some 53 per cent of the very much 
greater volume (President’s Materials Policy 
Commission, 1952, p. 16). 

The general principles underlying our early 
laissez faire economy worked strongly in favor 
of the producers and of the fixed-income class 
during the nineteenth-century period of in- 
dustrial expansion. Our economy was little 
hampered by social conscience. Labor was 
virtually unprotected from ruthless exploita- 
tion. Not only was the competition in the labor 
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force sufficient to keep wages low, but it becam 
possible for producers to combine into monop. 
lies and thus maintain unreasonably high prices 
to the obvious disadvantage of the general pub. 
lic, which was also the general electorate, As 
a direct consequence the pendulum started tp 
swing in the opposite direction some 60 year 
ago with the passage of the Sherman Anti-trsy 
law which was specifically intended to break 
up monopolies that force the consumer pric 
of goods higher than it would be if free com. 
petition existed amongst these producers, This 
law has been amended and reinterpreted many 
times since its original passage, and at present 
its effect, surprisingly enough, is to maintain 
prices sufficiently high to protect small bus- 
ness—at the consumer’s expense. Big busines 
is regarded with suspicion even though th 
consumer is given lower prices than possibk 
with smaller business organizations. This phi- 
losophy was largely responsible for the Robip- 
son-Patman Act during the 30s which wa 
designed to protect wholesalers and independent 
retail grocers against the competition of chain 
grocery stores which were able to cut prics 
because of efficient low-cost methods of open- 
tion. 

The brutal treatment of labor, especially in 
the coal-mining industry before the advent 
of John Lewis, was an open scandal. The o- 
ganization of labor has been of immeasurable 
benefit to many of the lower income groups, 
but now has reached a stage where it frequently 
affects the general economy adversely through 
such practices as jurisdictional strikes, th 
insistence of a uniform wage scale regardles 
of efficiency, and the provision that seniority 
alone determines promotion on the job. It 
pernicious policy of curtailing production i 
order to increase employment has resulted i 
the so-called “feather-bedding” and “slow 
down” which are both a disgrace and a challengt 
to our present economy. The conflict be‘wee 
labor and management, though far less bitte 
than formerly, has grown ever more damagil¥ 
to the interests of the weakly organized whilt 
collar worker. Both labor and capital contr 
production, and each is therefore in a position 
of power. 

During the 1920s the farmers began to realiz# 
—perhaps subconsciously—that the distnibr 
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tion of national income is in the final analysis a 
political decision. Since that time they have 
consistently voted in a way that brings strong 
political pressure for government intervention 
in their behalf. In the depression of the 30s 
their political power became more and more 
evident, and this group of agricultural entre- 
preneurs, combining in a unique way the char- 
acteristics of both management and labor, 
began the modern trend toward demanding 
government guarantees (“parity prices”) that 
would contravene competition. Price supports 
for agricultural products are now an integral 
part of our governmental and national econ- 
omy, and there is little likelihood of agriculture 
again going back to the old rules of free enter- 
prise. 

For approximately 20 years the white collar 
worker has been the unhappy middle man in 
a three-cornered conflict between blue collar, 
blue jeans, and blue blood. Each of these has 
been successful in a limited way in achieving 
a higher income before taxes at the expense 
of a pernicious anemia of the dollar. The actual 
value of their income has changed only a little, 
although the distribution of income before 
taxes has changed notably if measured in 
current dollars. In Figure 6 a comparison is 
made of the distribution of income in 1939 and 
1949. It will probably interest and perhaps 
surprise you to learn that only 4 per cent of the 
labor force had an income of more than $5000 
(before taxes) in 1949, although 10 per cent 
of all who received income received more than 
$5700 (Weintraub, 1951, p. 64), and there were 
approximately a half dozen people whose in- 
come before taxes was more than 5 million 
dollars in that year. A comparison of incomes 
after taxes would be definitely unfavorable to 
the 1949 labor take-home pay. Most of the 
increase in the middle income group in current 
dollars in 1949 can be ascribed to the “success” 
of collective bargaining. Its general failure in 
terms of 1939 dollars or even in 1945 dollars 
was due to inflation caused in no small part 
by this same success in collective bargaining. 

That some groups have been successful in 
raising their income and that the higher income 
brackets have been somewhat less successful 
are indicated by the chart showing the median 
Wage or salary income of the major industrial 
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groups (Fig. 7). The median wage—that is, 
the amount of money representing the wage 
that divides the 50 per cent of the workers in 
the lower brackets from the 50 per cent in the 
upper brackets, shows that the government 
wage is still the highest median wage paid. 
Following it in close succession is the trans- 
portation group which includes communication 
and utilities, and then mining. The median 
wage paid in mining has shown the greatest 
improvement since 1939 and represents a real 
increase both in current dollars and in 1939 
dollars. The government wage on the other 
hand has dropped slightly in purchasing power 
since 1939. So too has that group represented 
by finance, insurance, and real estate, usually 
regarded as representing “CAPITAL.” 

Most of the improvement in the median wage 
of the mining industry can be credited to the 
well-unionized coal mining and oil industries 
and the fact that coal and oil are the most 
essential raw materials produced in our indus- 
trial economy aside from food. 

That tenth of our labor force receiving the 
highest income takes approximately one-third 
of the total national income before taxes. The 
highest 1 per cent of the labor force takes ap- 
proximately 11 per cent of our national income, 
and the highest 0.5 per cent takes a little more 
than 8 per cent of the national income. It is 
from these groups that nearly all capital for 
credits, venture investments, and plant ex- 
pansion has come in the past. It is chiefly from 
them that the Government obtains money both 
as taxes and loans, with which to finance deficit 
spending to support markets to provide demand 
for production to give employment to the 
tragically idle masses of competent workers dur- 
ing a depression. And even during boom times 
their taxes and bonds provide much of the 
wherewithal for the government-supported 
markets that bridge the gap between normal 
personal consumer demand and the high in- 
dustrial output required to maintain full em- 
ployment. Compared with the sums spent for 
security and artificial markets, the money 
used for other government services is small. 
Most of the savings wrought by congressmen 
outside these major items are made usually 
for political propaganda rather than for motives 
of real economy. But, sad to say, the loss of 
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economy. I am forced to the conclusion that view is vividly shown in what at first glant 











seems to be a prosaic-looking chart, one showing 
the ups and downs of the steel industry—but 
the steel industry is one of our most sensitive 
industrial barometers (Fig. 8). 
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leveled off years ago between 700 and 800 
pounds per capita and may remain under 800 
pounds for years to come. The per-capita steel 
production is by and large a pretty good index 
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Steel capacity and steel production are 
properly regarded as indicative of the indus- 
tral maturity and current industrial health 
respectively of the nation. The steel production 
per capita in the United States has exceeded 
the “normal” labor force consumption for 
nearly 30 years and if the artificial markets 
that sustain it were withdrawn we should expect 
arpid drop in consumption.‘ 

The up-and-down line of per-capita steel 
wutput shows a continuing overall increase 
through the years, but as shown in Figure 8 
this is due to the demand created by artificial 
and negative markets (those that lessen the 
tal national wealth); the markets dependent 
® unsubsidized consumer demand probably 


‘The material for this section and for Figure 8 
comes from American Iron and Steel Institute, 
Baruch (1921), Clarkson (1923), Hook (1951), 
Keyserling Report (1952), Mineral Industry, Min- 
tal Yearbook, Steel Yearbook for 1952, War 
Production Board (1945), and Wheildon (1947). 
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of industrial activity; when it drops, hard 
times are here; when it rises, wages rise, em- 
ployment leaps up, and business booms. The 
per-capita steel output for the years of full 
employment and high industrial activity is on 
a curve that is still rising. Apparently, then, 
our per-capita output must continue to increase 
if we are to give full employment to our labor 
force and enjoy the fruits of high industrial 
activity—unless some fundamental change 
takes place in the character of our industrial 
matrix. 

The direction that our economy moves is 
clearly indicated by the forecasts of steel pro- 
duction made in 1947 by men with different 
viewpoints. Leaders of the steel industry, 
steeped in the hard-headed philosophy of our 
free enterprise system, made forecasts based 
on a nearly constant per-capita consumer 
demand; government economists steeped in 
“New Deal” and “Fair Deal” social philosophy 
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made forecasts on the bland assumption that 
full employment must be maintained regardless 
of domestic consumer demand (Wheildon, 
1947, p. 277). Our industrial leaders concluded 
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and that the challenge to our free enterprig 
system cannot be dodged much longer ly 
depending on the struthionic “common sense’ 
of our current crop of industrial and politic 
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that the average consumption was about 700 
pounds per capita and that peak consumption 
would not exceed 980 pounds per capita, as- 
sumptions that led to the statement that a peak 
consumption of 63 million tons would be a 
maximum for 1950; the government economists 
forecast that we would require 100 million tons 
by 1950. And we actually produced 97 million 
tons. 

The steadily increasing divergence of the 
curves shown in Figure 8 for per-capita con- 
sumer demand and per capita consumption for 
full employment is one of the most startling 
facts that has come to my attention in many 
years. Consumer employment—not consumer de- 
mand—is now determining our output. 

I believe that the direction we follow is clear 


leaders. The voting majority of the labor fore 
will insist on measures leading to full employ- 
ment; the ever-widening spread between cor 
sumer demand per capita and the total sted 
output per capita accompanying full-scale 
industrial activity is clearly evident, and th 
implications of this spread are political an 
economic dynamite. 

Our major problem remains—the bald fact 
that our labor force can produce much mot 
than its wages buy with the present distributio 
of income, a distribution that has not change 
greatly percentagewise before taxes in 50 yeals 
Business seems to be making frantic efforts # 
enlarge its markets while ignoring the maj 
problem. I am confident that something 
structive can be done, and look forward to tt 
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day when our industrial leaders do other than 
make stentorian demands for lower taxes and 
more reasonable wages—while industry be- 
comes more and more dependent on govern- 
ment support of its markets. 

Internal markets in general represent an 
increase in national wealth, whereas the sup- 
port of foreign markets by subsidies is a drain 
of either funds or material goods. The artificial 
market provided by credit expansion is a stimu- 
lant that tends to be habit-forming, and it is 
loaded with a “morning-after” hangover. It 
is possible, however, that government controls 
of credit can be relaxed with a minimum of 
migraines by creating an internal market for 
construction work of many sorts, most of which 
result in additions to our national wealth. 
Before the problem of equating our productive 
capacity to our labor force income is satis- 
factorily solved there will be much deficit 
spending for government projects. 

When our next major unemployment prob- 
lem arises I hope that every effort will be bent 
toward preventing the same unhappy solution 
of it—Government doles and government pro- 
jects at subsistence wages—advocated during 
the early 30s. There are various alternatives: 
The purchasing power of the lower income 
groups can be increased by incentive produc- 
tion, by deflation, or by redistribution of na- 
tional income; the income of some selected 
groups may be changed by legislation; credit 
buying can be tried with fleeting success, but 
when restricted it may precipitate the crisis 
that it was designed to avoid; exports to creditor 
nations would help—but we have almost no 
creditor nations; plant expansion and retooling 
would also help but would normally proceed 
at a much diminished rate in the future; the 
negative markets of armament and free foreign 
aid are regrettably an expedient likely to be 
used; and there are public works such as high- 
ways, housing, and construction of parks, rec- 
teation facilities, and public buildings. This 
last has the virtue of adding to our national 
wealth rather than diminishing it as do most 
artificial markets. This is also true of the possi- 
bility, which I shall soon discuss, of building up 
large reserve stocks of durable raw materials. 

_ The new social and political attitudes adopted 
in the 1930s will long continue to have a pro- 
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found effect on our way of life, and our dynamic 
economy is pérhaps on the eve of changes still 
more drastic than those of recent years. Some 
of these changes may be directly related to the 
growing strain imposed on our mineral in- 
dustry. Certain it is that this same mineral 
industry, on which our manufacturing plant 
is so utterly dependent, is witnessing a constant 
and irreversible shift in its sources of supply, 
with consequent economic, social, and political 
problems of world-wide import. 


THE MINERAL INDUSTRY 


With this brief review of the economic frame- 
work in which we now struggle for existence 
I turn to the mineral industry—the sine qua 
non of our industrial economy. If I were pre- 
senting a detailed analysis of the role of mineral 
raw materials in our economy, much would have 
to be said of the relation of price to product 
and to substitutes, of the effect of scarcity, of 
problems peculiar to each of several types of 
raw materials; I regret that in the present 
paper most of these interesting questions must 
be passed over with scarcely a glance. Instead, 
I shall touch only a few basic problems and 
will then suggest a way to maintain an adequate 
resources position in the future. 

We are well aware that mineral deposits are 
a wasting asset and that in general the longer a 
deposit is worked the higher the cost of produc- 
tion. Furthermore, practically all concede that 
the obvious large mineral deposits in the United 
States have been found—as well as many that 
are not obvious. From now on the cost of dis- 
covering new deposits here will increase sharply, 
whereas in many underdeveloped areas of the 
world the costs of discovering, developing and 
exploiting Jarge deposits will remain much less. 

The problem of exploration and development 
can be considered with respect to several re- 
lated but separate stages of work. There is the 
initial exploration or prospecting that leads 
to the discovery of mineralized ground. This 
is followed by the proving stage, during which 
the size, grade, character, and spatial disposi- 
tion of the mineral deposit is well enough ascer- 
tained to allow decision as to the desirability 
of further work. If the proving stage is en- 
couraging, the development stage is entered, 
and the deposit is made ready for commercial 





120 


exploitation. This stage merges gradually with 
that of actual production when the property 
starts shipping its mineral product to the 
market. 

The cost of making the initial discovery is 
in general far less than that of proving and 
development. 

According to J. A. White (1951, p. 1608), 
secretary of the National Minerals Advisory 
Council, about 90 per cent of all mining ven- 
tures are unsuccessful, and his figures pre- 
sumably refer largely to those properties in 
which evidence of mineralization has been 
considered good enough to warrant an attempt 
at commercial exploitation. It might be noted 
in passing that the figure of 1 out of 10 success- 
ful mining enterprises could be compared with 
1 out of 9 successful wildcats in the oil industry, 
the current discovery ratio. 

Discovery of new districts within the United 
States and of additional ore bodies in known 
districts will probably depend increasingly on 
techniques now being developed to discover 
blind ore bodies. These include geologic, geo- 
physical, and peochemical methods. 

There is far too strong a trend toward con- 
centrating all efforts on the immediate prac- 
tical objective of finding ore at low cost—a 
general feeling that research in economic 
geology means research in field techniques 
aimed at improving rule-of-thumb methods. 
However, if we learn more about the processes 
that control ore deposition we could apply that 
knowledge toward materially improving dis- 
covery rates. 

May I point out that the recent amazing 
practical developments in nuclear physics are 
built upon innumerable man years of pure re- 
search by highly talented scientists with no 
thought of practical application of their work. 
The present opulence of the research physicist’s 
laboratory layout, as well as the physicist’s 
own much-increased income, stems from the 
discovery that his work is of direct, practical 
importance to the military, and ultimately 
perhaps to the private citizen. None the less, 
the current drive for practical results tends to 
impose a “brown-out” (President’s Materials 
Policy Commission, 1952, p. 141) in the un- 
predictable field of pure research where, for 
the sake of learning more about some interest- 
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ing little puzzle in the science, men may happily 
spend their lifetimes in obscurity. The fi 
of economic geology has been pitifully neglects 
by research scientists through the years, We 
know little more now than we did 50 years ap 
about the chemical processes responsible fy 
the deposition of ores, in contrast to the satiy 
fying growth of knowledge in petrogenesis, We 
need more men in experimental geology wh 
are eager to discover more about ore genesis 
regardless of the practical applications of ther 
discoveries; men whose motto might be th 
old proverb of Solomon: “Tt is the glory of Gol 
to hide a thing but the honor of a king is 
search out a matter.” 

.At the present time adequate funds to finane 
the basic research needed in the geology d 
mineral deposits are all but impossible to get 
from the mineral industry unless the question, 
“What’s in it for us?” can be answered to th 
satisfaction of the mining company, and with 
their present outlook I doubt that this cank 
done. But eventually funds and personnel wil 
be found for laboratory and field research 
research that ultimately will yield methods thi 
both cut down the target areas for physic 
exploration and minimize the number of blanks 
drawn by exploratory drill holes. Laboratoy 
work on many fundamental problems lags for 
the moment, but we also need more good fiell 
geologists,  explorer-minded, adventurous, 
sturdy, self-sufficient, scientific observers with 
a good background of chemistry, physics, and 
mathematics. The present and future sources 
of the mineral supplies that they must find at 
world-wide and emphasize the mutual dé 
pendency of the peoples of the world. 

I am not going to say how soon the variow 
mineral deposits currently supplying our i 
dustry will become depleted. It is sufficient 
point out that all mineral deposits are ult- 
mately exhaustible and that a continuing 
supply of minerals depends on discovery. lt 
is clear that the depletion of known deposit 
poses a difficult problem if blind ore bodies must 
supply their place. As physical exploration 
expensive and geologic work relatively cheap, 
it seems apparent that the lowest discovey 
costs will result from spending more money ® 
geologic work and associated discovery tech- 
niques—and on the research to support them 
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The tempo of exploration and development 
should be adjusted to our current and future 
needs for the various mineral raw materials and 
to our resources, and at present no adequate 
mineral-resource appraisal group exists either 
in the government or in the mining industry. 
This problem has been well covered in the 
monumental report of the President’s Ma- 
terials Policy Commission (1952a, p. 25-27, 
169-171; 1952c), and I need only comment on 
it briefly: The mining industry still has learned 
little about the advantages of co-operation 
amongst competitors and stands in sharp con- 
trast to the excellent example set by the highly 
competitive oil industry. As a result we know 
far too little of our country’s mineral reserve 
position. The importance both to our security 
and to our economic future requires that a 
competent organization be set up soon, to make 
a continuing appraisal of the country’s re- 
sources and its needs. Such a group would pre- 
sumably collect and evaluate geologic and in- 
dustrial data both from home and abroad, for 
use in anticipating future requirements. Eco- 
nomic, political, geographical, and geological 
factors must all be evaluated, and this is work 
for career specialists. A start in this direction 
was made by Lasky (1950; 1951) a few years 
ago, but unfortunately the work was discon- 
tinued. 

The areas selected for mining geologists to 
explore may in future depend largely on statis- 
tical studies of ore-deposit populations to ap- 
praise the probability of ore occurrence in cer- 
tain regions, developing and extending the 
contribution made by Nolan (1950) in his 
recent presidential address. 

Such a study could well be one of the assign- 
ments of a Natural Resources Appraisal group 
and could lead to the recognition of potentially 
productive areas worthy of high priority in 
exploration. 

Both Nolan (1950) and Lasky (1947) have 
struck an optimistic note in pointing out the 
possibility of ultimately finding districts or at 
last major ore bodies beneath the alluvial 
cover that blankets so much of the West. Large 
bodies of ore must indeed exist beneath such 
wconformities and doubtless also beneath 
many others—especially the great unconformity 
that separates Precambrian from younger 
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rocks. It should be pointed out, however, that 
even if the existence and precise location of ore 
bodies under valley fill were known, many 
could not be mined economically because of 
heavy cover and the high costs of pumping 
from the water-logged alluvium of the inter- 
montane valleys. For many years to come our 
search for blind ore deposits will be confined to 
areas where the cover is relatively thin. Even 
after eliminating the great expanse of eco- 
nomically unminable ground, however, there 
remain large areas concealed beneath un- 
conformities where valuable ores may even- 
tually be discovered. 

The time lag between discovery and produc- 
tion, or in reopening a closed mine, is a factor 
of vital importance in considering either 
utilization of newly discovered deposits or the 
reserves in mines temporarily shut down. It 
is easy to be misled by apparently reassuring 
figures for the reserves of ore of the various 
metals. Reserve figures do not stress the eco- 
nomic factor that attends their exploitation. 
We may have reserves of lead or copper suf- 
ficient to last the nation at the expected demand 
rates for 20 years, but, if the national demand 
for these metals were supplied by cheaper 
foreign ores, we might soon be without domestic 
copper and lead mining industries. The interval 
between the discovery of a deposit and the time 
when it produces ore is usually measured in 
years, sometimes many years. Before the pro- 
ductive stage is reached, there is always the 
alarming possibility that new deposits will be 
discovered in areas where they can be marketed 
so cheaply that the one in which our money 
and time has been invested will be faced with 
an unprofitable market. A further hazard to 
large and relatively inflexible operations is the 
ever-present danger of profit confiscation 
through increased taxes or compulsory wage 
boosts, a threat that tends to discourage in- 
vestment of venture capital in long-term enter- 
prises in the United States as well as in many 
other countries. 

Ideally, under free enterprise, any source of 
raw materials that cannot produce competi- 
tively with others should be a dead duck, but 
marginal producers within the United States 
have been exceedingly and successfully vocal 
in the environs of Congress. Under a really 
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free enterprise economy, one with international 
free trade, substantial amounts of domestic 
output would be cancelled out and replaced 
by cheap foreign sources of raw material. The 
ocean haul per ton mile costs only about 5 per 
cent of rail haul. But as a matter of national 
and economic security it is essential that we 
maintain a healthy mineral industry of our own 
for years to come, although subsidies must be 
granted in some form or other. A really free 
market departed our life with the first “pro- 
tective tariff” long ago. Since then the question 
has been only that of the kind and amount of 
government subvention. 

The problem of utilizing domestic ores has 
several facets: the problem of discovery itself 
must be solved satisfactorily; the time and cost 
factors must be estimated in the discovery, 
development, and productive life of a property; 
and to this end the market should be firm and 
dependable. 

We know that the raw materials of the 
mineral industry are the basis of heavy in- 
dustry, which in turn is the foundation for the 
rest of the manufacturing industry. They rise 
or diminish together, and it is vitally necessary 
both to our security and to our economic health 
that heavy industry in the United States main- 
tain or exceed its current high level, and this 
means a continuing or increasing demand for 
raw materials. This does not necessarily mean 
a continuation or increase of the present high 
level of activity of the mineral industry in the 
United States, because ultimately much may be 
imported from abroad. But we must have 
minerals. 

Truly competitive mineral prices are not 
really desired by even the most ruggedly indi- 
vidualistic mining men—unless their larger 
holdings are in foreign fields. Most domestic 
producers advocate tariff barriers to prevent 
competition of foreign ores, and their demands 
will grow more intense during a deflationary 
cycle such as may be expected when our in- 
dustrial output again moves ahead of our 
markets, even though domestic sources are 
quite inadequate to supply the curtailed de- 
mand. Because of the relatively unfavorable 
current tax structure for corporate ventures in 
large-scale domestic mining, the uncertainty 
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of prices, and the economic threat posed | 
highly paid and well-organized labor, it see 
likely that much American venture capital y 
continue to move abroad for investment jj 
mineral industries. This will accentuate { 
trend toward dependence on foreign souny 
and may force further the government conty 
of industry and political redistribution of» 
come from the higher income brackets. It as 
builds up a potential source of internation 
trouble. 

The movement of American capital inj 
underdeveloped foreign areas parallels that ¢ 
British capital during the late nineteen 
century, after British mineral production by 
passed its peak and commenced the inevita 
decline that goes with higher costs and lowe. 
grade ores as depletion progresses. The « 
ploitation of the underdeveloped areas and tk 
fact that the flag often followed the succestl 
prospector gave British imperialism its reput- 
tion. 

A government is under great pressure # 
protect the “rights” of its citizens in forip 
countries. Heavy investment in underdeveloped 
countries becomes a source of much frictim 
when such countries decide to nationalize ther 
domestic resources, a privilege supposedly - 
herent in a sovereign government. Our positia 
with respect to such unhappy developmais 
would be strong only if we already had s> 
stantial reserves of the mineral product i 
question either above ground or below, bil 
within our own borders. 

Nothing in the current scene indicates tht 
the United States is regarded with such afte 
tion by foreign purveyors of raw materials as 
lead to a “favored-nation” treatment in tims 
of economic stress. On the contrary, we mi 
expect cartelized prices as soon as economit 
conditions promise success for this favorit 
European economic weapon. With a sit 
domestic supply, the threat of a squeezepl) 
price for raw materials abroad, and with labt 
difficulties at home, none but the hardiest ent 
preneur would face the problems of industi 
production with equanimity. Both private? 
dustry and the government therefore 
bend every effort to assure a dependable supp! 
of mineral products. 

Concern for strategic raw materials—th® 
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essential minerals in which we are notably 
deficient—has led the government to gradually 
accumulate substantial stock piles of many 
raw materials, held for emergencies when 
normal foreign sources are cut off. The stock 
piles are primarily a military precaution, and 
their size, grade, and location are not pub- 
lished (President’s Materia!: Policy Commis- 
sion, 1952a, p. 137-149). 

In the see-saw of mavine warfare, periods 
when our shipping is vulnerable to attack should 
be expected. In the second World War there 
was a six months’ period when the German 
submarines destroyed most of our aluminum 
fleet, and seriously curtailed oil shipments from 
South America. Today the mineral industry is 
as obviously the Achilles heel of manufacturing 
as it was in 1942, and dependence on overseas 
shipments during war is to be avoided if pos- 
sible. Before a stock pile can be considered 
adequate for war needs, one should know how 
long will be the war, and how long overseas 
ficight will be disrupted. Neither question can 
be answered. The current trend of investing 
venture capital in mineral deposits abroad 
rather than at home may well prove short- 
sighted. 

It seems clear that our domestic mining in- 
dustry should be strengthened—not ham- 
strung; this means that the discovery rate 
should increase and that we must get more re- 
search on methods of mining and production. 
The assurance of a continuing strong domestic 
market would go far toward giving the mining 
industry an incentive to embark on the rela- 
tively inflexible large-scale, long-range enter- 
prises that now characterize substantial pro- 
duction in nearly any segment of the mining 
industry. 

The raw materials from farm, forest, and 
mine keep our economy going, and, the 
smoother their operation, the better the entire 
tconomy runs. When economic disaster over- 
took the farmer, the government accorded him 
price supports—to his immeasurable benefit 
and to the long-run benefit of the economy as 
a whole, especially that of the manufacturing 
segment. Mining men even more than farmers 
need the assurance of guaranteed minimum 
Prices for their products and should be ac- 
corded a long-range price support program. 


SEcuRITY THROUGH A NATIONAL 
MATERIALS RESERVE 


I suggest that we assure ourselves of satisfactory 
and dependable mineral supplies for industry, 
from both foreign and domestic sources, by 
steadily building up reserve stocks of all durable 
raw materials through the next twenty-five years, 
by means of a government-guaranteed floor 
price, but without ceiling prices, except in times 
of national emergency. 

Our military stock piles should be kept intact. 
Separate from them, and entirely different 
from the buffer stocks discussed by the Presi- 
dent’s Materials Policy Commission (1952a, 
p. 88), I propose a large government-owned 
reserve of industrial raw materials as suitable 
to the economy of a great industrial power. 
Such reserves would constitute reservoirs of 
mineral wealth of far greater value and eco- 
nomic power than any gold treasure in Fort 
Knox or the Denver mint and would represent 
a perennial addition to national wealth. In- 
cidentally, I see no compelling reason why we 
should not extend the idea of metal reserves 
as a basis for credits from gold and silver to 
all major industrial metals, but this is not the 
objective sought. The accumulation of such 
a government-owned reservoir of metal should 
be conducted so as to give the producer of 
mineral raw materials an assured market, simi- 
lar to that enjoyed by the farmer today, but 
at a price guaranteed for a minimum of 3 years 
ahead, and reset once a year. Unlike.perishable 
farm products, reserves of mineral raw ma- 
terials do not rot when stored for many years, 
and storage should be inexpensive. If the price 
of metals continues to increase as the physical 
costs of extraction gradually, inexorably, rise, 
the greater value may through the years be 
enough to allow administration of this program 
without loss to the government. Eventually, 
say, after a 5-year reserve has been built up, 
metals bought years ago could be withdrawn 
as needed, but this would normally be a condi- 
tion not achieved till the 1970s. 

The building up of metal and mineral re- 
serve stocks of the sort I suggest would, I be- 
lieve, be one of the most potent factors for 
preserving peace and harmony amongst the 
family of nations that can be devised. It could 
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guarantee a stable fair market both for pro- 
duction at home and production abroad, and 
at the same time do away with the threat of 
cartelized and exorbitant prices which other- 
wise will continue to be a source of increasing 
friction between nations. It would assure a 
market that would give underdeveloped nations 
the dollars they so desperately need, as well 
as the dollar-poor industrial nations whose 
foreign markets would then be strengthened. 
It would do much to increase the standard of 
living in such areas and also within the United 
States. Ultimately it should become a bulwark 
of national security, and at the same time in- 
crease international amity and economic 
strength. 

I would emphasize that the primary objective 
sought is the multi-metal reserve, not the price 
support. Of all the methods that can be devised 
for building up ‘his reserve at a moderate rate, 
a rate that weuld help the mineral industry 
and not disrv»t our industrial economy, the 
method that seems the least susceptible to 
political minority pressures and the one most 
easily administered would be that of the 
guaranteed-price-support plan. The prices could 
be adjusted to increase the reserves at a fairly 
regular rate, perhaps equivalent in amount to 
approximately 20 per cent of our industrial 
consumption per year. 

The accumulation of treasure anywhere in- 
vites looting, either by internal or external 
plunderers. Undoubtedly political pressure 
would be brought to bear on the national 
government to release portions of the reserve 
for the benefit of the industrial jackals that 
occasionally provoke headlines on graft and 
corruption in government. The number of these 
is small, and a multi-metal reserve should be no 
more provocative than the many possibilities 
of a “quick buck” commonly believed to be 
associated with heavy Federal spending. 

It is, of course, apparent that a price support 
would maintain higher prices during a general 
economic decline and would encourage the de- 
velopment of substitutes for the various metals. 
This in itself, I believe, would be a good thing 
for our economy in the long run, but might be 
opposed by major producers. A supported price 
would also cut the competitive price benefits 
to manufacturers slightly, but it is well known 
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that the price of the raw materials is only 
minor cost to the manufacturing industry, y 
fluctuations of 20 per cent in the cost of met 
would not appreciably affect manufactyy 
costs, whereas it might make or ruin the miniy 
industry. Perhaps the factor most feared ) 
industry in setting up price supports (Not prin 
ceilings!) is that of a bureaucratic admis 
tration which would ultimately set prices ay 
control production, advancing us toward; 
government-managed economy. That this ; 
a possibility anyone will admit. That it is; 
probability only the most fearful would agr, 

Accumulation of a reserve at the rated 
20 per cent per annum would require more tha 
25 years to achieve the equivalent of a fix 
year consumption reserve, and, until such; 
reserve had been completed, price supporl, wi 
price or production control, would be requird 
There is, perhaps, no good reason to set ay 
arbitrary upper limit on the size of this reserv, 
just as no definite limit is set for the size of w 
gold reserves. 

In conclusion, after considering the chit 
factors adverse to a multi-metal reserve, ! 
return again to its manifold advantages, lt 
would give a predictable basis for wage negotit 
tion. It would give assurance of fair returns {ir 
long-range development programs in tk 
mineral industry, and thus do much to tit 
care of the time lag in the development of mina 
During depression as well as in normal tims 
it would help greatly in bringing venture capitl 
back into the mineral industry by maintainiy 
a healthy, stable mineral industry both be 
and abroad. It would also help minimize lx 
troubles and would preserve a skilled mine lax 
force. A guaranteed minimum price in i 
mineral industry would act as an industl 
balance wheel during periods of depressia, 
not like sand in the bearing box as have tit 
uncontrolled price drops of the past. Tf 
guaranteed price for domestic ores should t§ 
move the pressures of both labor and manage 
ment for high tariffs. The guaranteed price # 
foreign nations would give them dollars in 
change for their raw materials and thus woul 
tend to hold up foreign economies much as tt 
Marshall plan has done in the past, but wit 
this great difference—we would be accumult 
ing tangible assets of immeasurable value to& 
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in the future. In building up this reserve we 
would diminish rather than increase inter- 
national tensions. The reserve should ultimately 
give us tremendous economic power, and its 
value in terms of security during a hot war 
cannot be overestimated. Finally this would 
be a price-support plan that could pay for it- 
self in the course of time by virtue of the in- 
crease in value of the metal through the years. 
And although I have visualized this primarily 
as a reserve of metal, I would limit it only to 
those raw materials of industry that can be 
stored without deterioration, and which require 
a minimum of care. If we gave foreign nations 
the opportunity to sell metal and ore to this 
country so as to gain dollar balances we might 
even attain eventually the happy position of 
becoming a debtor nation and thus able to 
export some of the surplus that now plagues us, 
and do it on a sound economic basis! 
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EXAMINATION OF THE PHYSICS OF THEORIES OF OROGENESIS 


By Aprian E. SCHEDEGGER 
ABSTRACT 


This paper investigates the problem of the physical causes of the present shape and structure of the 
earth’s surface features. A physical process, called orogenesis, is defined as the cause of the surface features 
of our planet. The several theories of this process are reviewed and criticized from the standpoint of a physi- 
cist. 

The properties of continuous matter which could give rise to orogenesis can be divided into yielding 
and flowing. Theories assuming yielding within the orogenetic shell thus form one large group, those as- 
suming flowing form another. Before treating each group of theories, the physical background necessary 
fora consistent analysis is discussed. 

Finally, an outline is given of how much credit the different theories receive in literature. Only two 
theories are at all widely accepted, and a decision between these two theories can hardly be expected upon 


physical grounds until more specific data are known about the interior of the earth. 
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INTRODUCTION 


The problem of the physical causes of the 
present shape and structure of the surface 
features of the earth has puzzled geologists and 
geophysicists for a long time. A great number 
of theories have been proposed to solve the 
problem, and new ones are still being advanced. 

Some of these theories have been postulated 
merely to explain certain restricted features 
that were found by geological exploration with- 
out reference to or examination of the basic 
laws of matter that must underlie every physi- 
cal theory. It therefore seems worth while to 
review and criticize the accumulated material 
and to try to do this from the neutral stand- 
point of a physicist. 

The physical causes of the present shape and 
structure of the earth as exhibited by geological 
exploration are usuaily ascribed to a hypo- 
thetical process called orogenesis. Geologists 
and geophysicists are generally agreed that 
orogenesis must take place either in the crust 
or in the upper part of the mantle of the earth 
with the core playing only an indirect role as 
heat supplier or the like. Thus, it is natural to 
assume that orogenesis takes place in a rather 
thin layer, which may be termed the orogenetic 
shell of the earth. 

Any theory of orogenesis, to be physically 
valid, must be based upon the mechanics of 
continuous matter. Unfortunately, very little 
is known about the mechanical behavior of 
those outer layers which might play the role 
of an orogenetic shell. Only for the outermost 
few kilometers do we have more or less definite 
data, and even there we do not know how the 
materials behave during prolonged time in- 
tervals. It is well known that the states of 
matter may change when temperature is al- 
tered, but also matter may behave quite differ- 
ently when different time intervals are con- 
sidered, or when other dynamical variables are 
changed. Thus, the orogenetic shell might have 
any mechanical properties ranging from those 
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of a brittle shell to those of a layer of a liggi 
below the crust. 

It is therefore necessary to review the him 
havior of continuous matter in general belgimt 
we consider spherical shells. One can divide ty 
properties of continuous matter into Yielday 
and flowing. Theories assuming yielding withy 
the orogenetic shell will thus form one lay 
group; those assuming flowing will fy 
another. The physical background needed 
a consistent discussion is given before ad 
group of theories. 

In the final section, we shall try to outlx 
how much credit the different theories of op 
genesis receive in the literature. Only tm 
theories are at all widely accepted and aé 
cision between those two theories can hanh 
be expected upon physical grounds until me 
specific data about the interior of the eat 
are known. 


ContTINuoUS MATTER 


The behavior of continuous matter 
been studied extensively in the engineety 
literature, because of its importance in come 
tion with strength of materials. Nadai (19%, 
Timoshenko (1942), and Freudenthal (19 
have reviewed the subject and given referent 
to original articles. A theoretical treatmat 
has been given by Reiner (1949); his approa 
has proved very useful in this investigatia 
The followihg paragraphs summarize t& 
principal conclusions of the theory. 

If one says that some particular substanti 
brittle, tough, or ductile, it must be realial 
that those expressions are idealizations. Nord 
substance is ideally brittle, or tough, or ductié; 
it may behave in different ways under differat 
circumstances. Thus, real matter behaves itt 
very complex way, which may be approximattl 
to in theory by the device of a series of idealizl 
substances. One is therefore led to considet! 
set of ideal substances with definite propertié 
The properties of any real substance will the 
be a “mixture” of those of two or more “cut 
ponent substances.” 


The following ideal substances are importa’ 


THE HOOKE SOLID: This is a body that ## 
fies Hooke’s Law: For a linear stress, strait 
proportional to stress. In tensor representalit 
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is means that the isotropic and deviatoric 
omponents of the strain and stress tensors are 
proportional to each other. One needs there- 
fore, two independent constants to characterize 
Hisuch a material. For these the bulk modulus 


and the shear modulus y may be chosen. If 


“-Miboth these constants are infinite, one obtains 


mathe special case of a perfectly rigid body. The 
mimtheory of the Hooke solid is one of the classical 
pieces of applied mathematics and has been 
investigated extensively (See Love, 1927; Sokol- 
nikoff, 1946). A good approximation of a Hooke 
solid is a piece of rubber, if it is not stressed 
too extensively. 

THE NEWTONIAN LiQuID: The opposite ex- 
treme to the Hooke solid is the Newtonian 
liquid. In this case the stresses are related to 
the time derivatives of the strains in the same 
way as they are related to the strains them- 
selves in the case of the Hooke solid. Two in- 
dependent constants are used to describe such 
a material; those generally chosen are the bulk 
viscosity »» and the shear viscosity 7,, but the 
bulk viscosity is usually neglected. If both 
these constants are zero, one obtains an in- 
viscous fluid (See Lamb, 1932; Goldstein, 
1938). A good approximation to a Newtonian 
liquid is honey. 

THE ST. VENANT BODY: Most real bodies 

ich approximate to a Hooke solid for small 
stresses, start to yield when a certain stress 3 
is reached. After this “yield” stress is reached, 
the material starts to flow, but it does not flow 
like the aforementioned liquids. Its flow re- 
sembles what might be called “plastic” flow 
rather than “liquid” flow. Under the same stress 
he material is continuously deformed. A new 
‘ideal” body has therefore been suggested, 
he St. Venant body. 

The stress at every point of a body is mathe- 

atically represented as a tensor. One has 
therefore to state the exact condition for which 
he stress tensor at a certain point of the body 
becomes a yield stress tensor. Mises has ex- 
essed such a condition by taking certain in- 

ariants of the latter; Hencky arrived at the 
me condition by a different approach. This 
aisfp'eld condition is therefore called the Mises- 
in’@#Hencky condition. (For the detailed mathe- 
i#@Matical formulation of this condition, see one 
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of the textbooks on plasticity, e.g. Nadai, 
1931.) 

The physical bases of the “theory of plas- 
ticity” as so stated have been questioned on 
several occasions, as for instance by Stiissi 
(1950). Thus, several rival yield conditions 
have been postulated (see Prager, 1948b). Be- 
cause of this uncertainty about the yield condi- 
tion and the relative newness of the whole sub- 
ject of plastic flow, very little has yet been done 
towards finding methods for solving the 
fundamental equations. Nadai (1931) lists some 
methods, and Prager (1948a) has given a graph- 
ical method, but the discovery of several varia- 
tional principles (Sadowski, 1943; Prager, 
1946; Oldroyd, 1947a) will likely be more useful 
in a final theory of plasticity yet to be devel- 
oped. An extensive mathematical treatment of 
the subject has been given by Hill (1950). 

Phenomenologically, one can state the fol- 
lowing facts about the St. Venant body: The 
density of the material is the same at constant 
temperature. The direction of the principal - 
strains and principal stresses always coincide. 
Within a material in a state of plastic flow, the 
material undergoes larger deformation along 
certain lines than in other regions. The lines 
are known as Liider’s lines or slip lines and 
have been found to be approximately the 45° 
isogonals to the trajectories of the principal 
stresses. The branch points of the slip lines 
give the natural border points between the 
“flowing” and the “solid” regions of the body. 
The slip lines form tiny furrows on the surface 
of the material, which is why they can be 
photographed. 

A good realization of a St. Venant body is 
whipped cream; in that particular case the 
yield stress is very small. 

COMPOSITE IDEALIZED BODIES: The linear 
superposition of the aforementioned three 
fundamental linear bodies leads to the general 
linear body. Several superpositions where only 
some of the possible components are present 
are also important. 

A Hooke solid which exhibits at the same 
time the properties of a viscous Newtonian 
liquid is called a Kelvin body. Such a body 
possesses both elasticity and viscosity. Thus 
the equation of state for a Kelvin body contains 
linearly the stresses, the strains, and the time 
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derivatives of the strains. It shows the char- 
acteristic property of an elastic after-effect. 
This means that, if a load is applied, the strains 
reach the values corresponding to those of a 
Hooke solid only after a certain length of time. 

The Hooke body and the Newtonian liquid 
may be combined in a different linear way to 
obtain a body called a Maxwell liquid. The 
Maxwell liquid possesses elasticity and vis- 
cosity, but the equation of state contains 
linearly the stresses and the time derivatives 
of the stresses and strains. It shows, therefore, 
the characteristic property of creep. Under 
rapid changes of the stress, the material be- 
haves like an elastic solid; given time, it 
“creeps” like a very viscous liquid. 

A material which combines the properties of 
plasticity with those of a Kelvin solid is called 
a Bingham body. Its equation of state contains 
therefore a yield stress, the stresses, the strains, 
and the time derivatives of the strains. 

We may conveniently say that the general 
linear body is described by the assumption of a 
Kelvin component and a Maxwell component 
with the St. Venant yield stress dividing flow 
from deformation. The materials in which the 
yield stress vanishes constitute the class of 
liquids; the rest are solids. 

For solids and quasi-solids such as the Max- 
well liquid, we must introduce a further con- 
cept: The breaking stress. In addition to yield- 
ing, such substances show the feature of rup- 
ture. It must be assumed that the molecular 
structure breaks down if the local stress tensor 
at a certain point becomes a breaking stress 
tensor. Again, one has to state a definite condi- 
tion for which a stress tensor becomes a break- 
ing stress tensor. This may be accomplished 
mathematically by stating conditions for certain 
invariants of the stresses. Now, if during a 
given deformation the breaking stress is reached 
before the yield point, we say the body behaves 
as brittle. When yielding precedes breaking, 
we call the behavior “plastic”. 

The theory of materials outlined so far is 
linear. It may be necessary to assume that the 
“constants” are actually not constants but 
functions of the stresses, etc. Bodies so char- 
acterized are non-linear bodies. For our in- 
vestigation, however, the linear theory is a 
sufficient approximatica. 

A further remark cencerns the phenomenon 
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of failure. Failure has been introduced as eithy 
yielding or rupture and is thus a static concepy 
In many instances this is not a sufficiently chy 
approximation to nature. Reiner, Freudenthy 
and Weissenberg (for the original referencs Ms 
see Reiner, 1949) have therefore developed ; 
dynamic theory of strength. The results of th 
theory for the constituents of a general liney 
body, are as follows: A Kelvin solid fails whe 
the strain reaches a definite limit. The stress 
which the material fails increases with th 
velocity of strain. A Maxwell liquid fails whe 
the stress reaches a definite limit. The rate 
strain at which the material fails increases with 
the rate at which the stress is applied. 
The theories outlined here are purely phe 
nomenological. Many attempts have ber 
made to explain the behavior of continuoy 
matter by microscopic models (see Freudenthal, 
1950). In geological applications, however, tk 
phenomenological approach is sufficient. 


THEORIES OF OROGENESIS BASED UPON 
FAILURE PHENOMENA 


Physical Basis: Failure Patterns 
in Spherical Shells 


One group of theories of orogenesis depend 
upon the assumption that mountain buildiy 
is an expression of failure of the outer portia 
of the earth. We shall therefore investigate tk 
patterns which might occur in spherical shelb 
because of failure of the material and # 
whether this suggests any manner in which tk 
orogenetic shell of the earth may have behavel 

BUCKLING: Every linear body is consider 
to behave like a Hooke solid before the yi 
or breaking stress is reached. A Hooke sili 
cannot “fail” in the ordinary sense, but! 
phenomenon similar to “failure” can occut i, 
instead of one well determined state of equil 
rium under a given load, an infinity of & 
formed states exist: the material is then siij 
to buckle (see Timoshenko, 1936). The but 
ling of a shell can take place if the shell is undé 
a pressure or similar force from the convd 
side, but not if it is under pressure from # 
concave side. 

The elastic deformation of a spherical 96 
under different external conditions was i 
dealt with by Zoelly (1915). An improved treit 
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ment of the buckling of a spherical shell under 
homogeneous pressure was given by Schwerin 
1922). Recently, Leutert (1948) has solved 
he problem of the elastic deformation of a 
spherical shell under arbitrary external forces. 





Ficure 1.—Macrocosmic Prastic FAILURE OF 
4 SPERICAL SHELL AS SEEN IN MERIDIONAL SECTION 


These investigations show that the deforma- 
tion of a buckling sphere is symmetrical about 
adiameter and that the deviations of the shape 
are given by a series of spherical harmonics 
along parallels of latitude associated with the 
diameter of symmetry. This theoretical result 
has been checked by various experimental tests. 

YIELDING: As previously stated, yielding 
occurs in plastic solids as well as in Maxwellian 
liquids. 

Considering first bodies of the St. Venant 


type, Nadai (1924) has indicated how to obtain 


the equations for the plastic flow of a spherical 
shell. The general case is very difficult to treat, 
and the only case yet solved which refers to 
our problem is that of the plastic deformation 
of a spherical shell under a pressure acting from 
inside. There, the trajectories of principal tension 


‘Hare the radii and meridians, so that the slip 


lines, being the 45°-isogonals to that system, 
have the form shown in Figure 1. No slip lines 
can appear on the outer surface of the shell, 
because at every point every direction is equally 


iB significant. 


For the plastic failure of spherical shells in 


'§ 2 limited region, no solutions are yet available. 


The case of special interest with respect to 
possible geological applications is that in which 
on a sphere there is a “weak point” (of sym- 
metry) or a weak region, in whose neighborhood 
plastic yielding may occur. This is an idealiza- 









































FicurE 2.—Surp Lines IN THE Form oF LoGa- 
RITHMIC SPIRALS WITH SYMMETRICAL STRESS STATE 


A circle forms the boundary between the “solid” 
and “plastic” regions. (After Nadai). 


tion similar to assuming axial symmetry around 
a diameter of a sphere. 

The full solution of this case has not yet been 
achieved, but an approximate idea of what 
must happen may be gained by replacing the 
curved spherical shell by a plane with a two- 
dimensional stress state. For this special case, 
the equations of plastic flow have been solved. 
The result is that the slip lines are logarithmic 
spirals and the line joining all the branch points 
is a circle (Fig. 2; Nadai, 1924). A circle will 
be the natural borderline between the “plastic” 
and the “solid” regions on the surface of the 
material. This kind of failure has been tested 
by pressing a cylindrical stamp into steel. 

The above simplification of the problem gives 
an idea of what happens only on the surface 
of an impressed shell. We want also to know 
what happens underneath the stamp. If the 
shell is thick, it can be approximated by a 
semi-infinite plastic mass into which a stamp 
is impressed, and the slip lines are as shown in 
Figure 3 (Hencky, 1923). 

Nadai’s (Fig. 2) and Hencky’s (Fig. 3) re- 
sults combined suggest that, in the case of a 
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spherical shell under tension (or compression) _ they are not as before logarithmic spirals, they § Pl! 
with a “weak region,” the slip of the material _ will be two systems of such lines crossing ead § 
occurs along surfaces whose traces on the shell other and making equal angles with the radyi ad 
are two families of logarithmic spirals with dip direction. ex] 

as shown in Figure 3. However, the problem is FRACTURE: Failure of the material by acty 
not believed to have been solved precisely. fracture occurs if the breaking stress is reachej * 
a = 

f oft \ - 

Sm 
Ve 
R 
Ficure 3.—Puastic Suip Lines UNDERNEATH A CYLINDRICAL STAMP a 
(After Hencky) Tal 
The yielding phenomena discus*ed above are _ before the yield point. The classical theory d § ~ 
typical for a St. Venant body. Yielding, how- fracture is due to Mohr (1928). Deduced fron aa 

ever, may also occur in quasi-solids of the his well known hypothesis of rupture of mate. 
Maxwell type. The loading conditions in this _ rials, it states that at any point in an isotropic 5 
case are somewhat different: any load will pro- medium the surfaces of probable rupture ar lin 
duce yield (or creep, as it is now called), if inclined at an angle @ < 45° towards the smual- thi 
applied for a sufficient time. The creep patterns est principal stress (i.e. the greatest pressur) Pe 
seem very similar to the plastic flow patterns, This implies that the intermediate principl “a 

although the creep conditions differ from the stress has no influence on the fracture df. 

plastic flow conditions. materials. pr 
Macrocosmically, therefore, it is again true In the case of a pure tensile test (degenerated duc 
that, at any point on the surface of a shell stress state) the above statements do not dé thi 
creeping under a homogeneous strain state, termine the surface of rupture. Thus, one ha Bi 
every direction is equally significant. Thus slip _ to add that in this case the surfaces of probable sch 
or sliding lines cannot appear in this case. rupture are petpendicular to the tensile stres. I 
As before consider the case, therefore, where Applying Mohr’s theory to spherical shel, the 
there is a weak point (of symmetry) on the shell we note that tensile rupture may occur int ‘i 

and where there are creep phenomena. This hollow sphere under a pressure from inside. 

problem is not completely solved. For a quali- This would lead to vertical cracks of irregulat 

tative investigation, however, we may replace strike. If the pressure acts the opposite way, 
a small portion of the shell by a disk. The creep the hollow sphere would buckle elastically} 7 
of a disk under a symmetric stress state has __ before it could rupture. oro 
been studied because of its relation to the im- When the general case (not degenerated) d § to 
portant engineering problem of creep in rotat- fracture of a spherical shell is considered, 4% dist 
ing wheels. A rotating disk is only stressed bya “weak point” may again be assumed and tht the 
tangential and radial tension; this is just the possible rupture patterns investigated in it side 
stress state which may be expected to occur in neighborhood. If the “weak point” is a polit § (Fo 
a shell with a “weak point” under internal of symmetry, a straightforward applicatio’® the 
tension. of Mohr’s theory shows readily that the ptm A 
Soderberg (1938), for the problem of creep terns shown in Table 1 are possible. tion 
in a rotating disk, found that the effect in the A symmetric stress state as discussed het i The 
disk is only a slight generalization of what was can occur in a sphere with a’ weak region all bod 
found for plastic yielding. The slip lines will under additional thermal forces. More compl § and 


have a rough similarity to spirals. Although 
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plicated fracture patterns. However, such arbi- 
trary stress states amount to introducing an 
ad hoc hypothesis and never can provide a real 
explanation of observed fracture patterns. 


Taste 1.—FracTuRES EXPECTABLE IN A SyYM- 
weTric STRESS STATE OF A SPHERICAL SHELL 
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Intermediate stress 
Smallest stress 
Vertical Radial* Tangential* 
Vertical _ straight circular 
dip <45° | dip <45° 
Radial spiral — circular 
dip vertical dip >45° 
Tangential | spiral straight —_ 
dip vertical | dip >45° 








* “Radial” and “Tangential” are to be under- 
stood with respect to the point of symmetry. 


The theories outlined above are valid for 
linear bodies. Mohr’s theory of fracture is some- 
thing of an oversimplification of the observed 
facts. In certain cases, more complicated pat- 
terns may occur, especially if fracture and yield- 
ing occur together. In this case the materials are 
said to be ductile. However, theories for such 
ductile materials are very incomplete. The only 
thing more or less certain is that fractures are 
very irregular and do not seem to fit into simpler 
schemes, 

In discussing geological applications, we shall, 
therefore, use only those theories which are 
reasonably complete. 


Geological Implications 


The contraction hypothesis —The theories of 
orogenesis which ascribe the shape of the earth 
to yielding phenomena of spherical shells as 
distinct from flow phenomena are based upon 
the so-called “contraction hypothesis”, con- 
sidered since the time of Descartes at least. 
(For reviews of some work bearing upon that 
theory, see Gutenberg, 1930; 1939, p. 188-193.) 

A most important exposition of the contrac- 
tion hypothesis was given by Jeffreys (1929). 
The earth is assumed to have been a hot, liquid 
body at one stage in its life. It solidified quickly 
and continued to cool by radiation. Jeffreys’ 
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theory is that the silicate mantle solidified 
from its base at the top of the liquid iron core 
outwards and has since been cooling by con- 
duction without convection currents. From the 
center of the earth to within about 700 kms of 


No strain 
still hot 


level of no strain 


Ficure 4.—STRESSES IN THE EARTH ACCORDING 
TO THE CONTRACTION HyPorTHEsIS 


the surface, there has not been time since the 
earth solidified for any appreciable cooling nor 
change in volume. Within the region from about 
700 to about 100 kms, cooling by conduction 
is taking place and hence this shell or layer is 
contracting and being stretched about the un- 
changing interior. Hence it is in a state of in- 
ternal tension. 

Near the surface the rocks have already 
largely cooled so that at the surface they are 
in thermal equilibrium with the heat of solar 
radiation. They are therefore not changing in 
temperature and the cooling and contraction 
of the layer beneath them puts the outermost 
shell into a state of internal compression above 
a level of no strain at about 100 kms depth. 
This outermost layer is thus being folded up 
upon the shrinking interior. (See Figure 4.) 

The power freed by the contracting layer is 
considered the cause of orogenesis. 

It has been questioned whether the cooling 
of the earth would supply enough power to 
explain the orogenetic patterns. The presence 
of radioactivity in rocks provides a serious 
drawback to this theory because the heat 
generated by the radioactive elements in the 
surface rocks is so large as to allow question of 
the very assumption that the earth is cooling. 
However, recent determinations at Toronto of 
the radioactivity of many Archean type of 
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rocks suggest that the average radioactivity 
of the continental rocks has been exaggerated. 

In this connection, Slichter (1941) investi- 
gated the problem of the cooling of the earth 
very carefully. He reviewed the observational 
data and hypotheses pertinent to that problem 
and indicated the possible importance of heat 
transfer by slow thermal convection currents, 
but his paper deals essentially with conduction 
only. He pointed out that radioactivity may 
cause the earth to be heating instead of cooling. 
If it is cooling, the rate must be very small, 
but, if heating, higher rates are possible. The 
surface heat flow fixes upper limits for the 
amount of radioactivity which may exist within 
100 or 200 kms of the surface. But thermal 
observations and theory seem incapable of 
furnishing information about the thermal 
status of the earth at depths greater than 200 
or 300 kms. Little correlation would exist be- 
tween the distribution of radioactivity at depth 
and observed surface heat flux. Thus, the earth 
may be heating everywhere, cooling every- 
where, or heating at some depths and cooling 
at others. In view of this state of complete 
uncertainty, Jeffreys’ contraction hypothesis 
must still be accepted as a definite possibility 
in spite of attacks upon it. We shall, therefore, 
review the attempts to explain the more specific 
orogenetic features on the basis of the contrac- 
tion hypothesis. 

Theories assuming yielding—Lake (1931a; 
1931b) investigated the island and mountain 
arcs of Asia and postulated that those arcs were 
circular and that their poles or centers lay 
upon one or other of two great circles. He ex- 
plained this particular geometrical configura- 
tion by supposing that each circular arc was 
the surface expression of a large thrust plane 
upon which movement was at right angles to 
the plane of the corresponding great circle. 
Thus he suggested that the Asiatic continent 
was being underthrust by the floor of the ocean 
from two sides along a series of large thrust 
planes whose outcrop was marked by circular 
offshore island arcs in the east and by circular 
mountain arcs to the south. 

Lake’s observations were confined to seven 
Asiatic arcs, but Wilson (1949) subsequently 
pointed out that the centers of all the island 
and mountain arcs active at the present time 
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lie fairly well upon the continuations of ty 
same two great circles, forming the two grey 
belts of young mountains and arcs about th 
Pacific Ocean and from the Alpine region actos 
continental Asia to Oceania and New Zealand 
If this is true, the shrinking of the earth is x. 
curring by failure along two great circles, by 
the fracturing is such that the actual edgs 
always have the form of small circles with thei 
centers near one of the great circles. 

There are several difficulties to be overcom 
before this theory can be accepted. First, the 
mountain and island arcs are all more or les 
irregular and differ in size. Some are far from 
being circular and some show an increase ip 
radius of curvature towards one end. Seven 
have approximately straight extensions like 
Kamchatka or Sakhalin. The positions of the 
centers are thus somewhat arbitrary and hence 
the conclusion that the centers lie on two great 
circles loses some of its significance. 

Second, deep focus earthquakes are often 
connected with the arcs. This seems to indicate 
that the mechanism of orogenesis is not cm- 
nected with the outermost layers of the earth 
alone. If that is the case, the mechanism pm 
posed by Lake needs modification to explain 
why the deep earthquakes lie upon surfaces 
that dip much more steeply than the thnst 
planes postulated by him on physiographic 
grounds. . 

Third, the question as to whether the typ 
of failure propésed by Lake is compatible with 
the physical laws of failure of materials requires 
consideration. In Lake’s theory the problem 
of the macrocosmic failure of the earth is esset- 
tially the same as the buckling of a spherial 
shell under a pressure acting from outside. We 
have already shown that the deformation of4 
buckling sphere is symmetrical about a diam 
eter. Thus, the conclusion is that the mechanis 
of failure of a rigid elastic shell collapsing upm 
a contracting core as envisaged by Lake cannot 
account for the real shape of the arcuate failures 
upon the surface of the earth. Similar condi 
sions are reached when other types of mactt 
cosmic failure of a spherical shell instead d 
buckling are considered. 
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whole earth, and to consider that these portions 
are not homogenous. 

Coulomb (1943; 1945) investigated the 
possible cause for the peculiar phenomena 
connected with the cross section of the arcs, 
especially for the fact that the foci of deep earth- 
quakes connected with the arcs appeared to 
lie all on one straight line in any section. He 
explained such a line by assuming an orogenetic 
dip phenomenon occurring beneath the level 
of no strain (Fig. 5). The experimental deter- 
mination of the motion in the hypocenter of a 
deep focus earthquake by Koning (1942) seems 
to support the assumption of such a slip phe- 
nomenon, but does not rule out the possibility 
that the motion of earthquakes be orthogonal to 
the focal surface instead. That would contra- 
dict Coulomb’s idea of a slip surface, but it is 
considered a less likely mechanism for pro- 
ducing earthquakes than actual slipping along 
the surface. 

However, provided that the motion is actu- 
ally as assumed in Figure 5, Coulomb was able 
toexplain not only the existence of a focal 
plane, but simultaneously the gravity anomalies 
around orogenetic belts. In the magma beneath 
the level of no strain, a constriction furrow is 
formed where the crust descends by the com- 
bined effects of gravitation and of the horizontal 
surface compression due to the contraction 
below (Fig. 6). 

Coulomb leaves the question undecided 
which type of yielding gives rise to those phe- 
nomena. Plastic yielding as well as sliding frac- 
ture would seem able to produce the required 
pattern. 

Wilson (1950, p. 155), investigating inde- 
pendently, came to similar conclusions as to 
the orogenetic cause of the mountain and island 
acs, but he worked out the mechanism in 
much greater detail (Fig. 7). 

The investigations mentioned so far deal 
oily with the cross sections of island arcs. For 
acosistent theory, the arcuate surface struc- 
ture of the orogenetic belts must also be ex- 
plained. Scheidegger and Wilson (1950) 
found that possible bases for such an explanation 
vould be furnished either by assuming plastic 
yielding or yielding by creep, or else by as- 
suming sliding fracture. 

According to the first assumption, an ex- 
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planation of the shape of failure on the earth 
would be that around a “weak point” (of 
symmetry) where there is a branch point line 
(a circle with a small diameter), spiral-shaped 
slip lines form. Underneath each of those lines 
would be a surface dipping down into the earth. 
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FicuRE 5.—DISTRIBUTION OF THE INITIAL 
MOVEMENTS IN A DEEP Focus EARTHQUAKE 


(After Coulomb) 


If the margins of continents are assumed to be 
weak zones corresponding to branch point 
lines, then island arcs and perhaps marginal 
ranges might correspond to spiral slip lines 
springing from the margin of continents. The 
fact that the material along the slip lines under- 
goes a different kind of deformation from that 
in other regions might account for earthquakes 
and volcanoes near island arcs. Furthermore, 
the “skin” of the earth might be expected to be 
in process of folding because it has been be- 
coming too large for the collapsing interior 
(See Geszti, 1929). 

From the theoretical standpoint, there are 
some objections to this theory. Slip lines form 
a double family of curves crossing each other, 
not just single lines, and there is no evidence 
on the earth of two sets of arcs crossing one 
another at approximately right angles. Further- 
more, each family of slip lines theoretically 
forms a great number of curves that cover a 
whole region quite densely. On the earth, 
there are only single spirals at comparatively 
wide intervals. There is no evidence that 
several arcs start from one region of weakness. 

It might be possible to adjust the facts better 
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to the theory by geological explanations, such 
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Theories assuming fracture.—According) 
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FicurE 6.—GraviTy ANOMALIES AND VERTICAL DISTRIBUTION OF THE Foci OF DEEP 
EARTHQUAKES 


(After Coulomb) 


fault is evident although in theory there should 
be one or two whole families of faults. However, 
it will require further geological and geophysical 
explanation and evidence to justify fully the 
postulation of a plastic slip phenomenon as 
explanation for spiral-shaped island arcs and 
mountain ranges. Also the belts of failure 
would have to be spiral rather than circular. 
The same arguments apply to any explanation 
that arcs are due to yielding by creep. 

Ruud (1938) also assumes plastic failure as 
the cause of primary orogenesis, but postulates 
that the arcuate structures upon our planet cor- 
respond to the branch point lines instead of the 
slip lines. Assuming circular symmetry, the 
primary orogenetic structures to be expected 
are ring-shaped craters like those on the moon. 
The theory was originally developed to explain 
those craters on the moon and then it was also 
applied to the earth. In this instance, a major 
difficulty seems to be that the chains of island 
arcs on the earth bear but little resemblance 
to the craters on the moon. 


ideas of Mohr’s theory to geological questi 
has already been given by Seigel (1950) whos 
results agree: with the following statements. 

If circular symmetry is again assumed aroun 
a point (or a weak region), the greatest pressut 
in the asthenosphere must be assumed tok 
vertical (or nearly so) because of the weight d 
the overlying material, and because below tht 
level of no strain the other principal stress 
are tensions, that is to say less than standatl 
pressure. The theory (Mohr, 1928; Seigel, 199) 
then predicts that the failing surfaces will 
inclined at less than 45° to the radial direction 
of the sphere and parallel to the intermedilt 
principal stress. This can be either the ta 
gential direction to a circle around the point d 
symmetry or the meridional direction. 

The first of these cases might explain circus 
island arcs and mountain ranges for it le 
to conical fracture with a dip of about 4 

On the other hand, if island arcs are considett! 
to be spiral-shaped, the theory would have! 
be modified. One might assume, for instale; 
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approximately circular, this theory yields a 
tenable explanation of the actual shape of the 
island arcs. Benioff (1949) has shown the dip 
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a sliding crack could develop in a circular 
manner before finally flattening out into a tail 
of irregular strike. Such a pattern is actually 
observed in the archipelago of the Marianas. 

Of course, a suitable stress distribution could 
also produce spiral-shaped sliding fracture. In 
such a stress state, however, the intermediate 
and smallest principal stress could no longer 
be tangential and meridional with respect toa 
point of symmetry. This would give rise to a 
much more complicated stress distribution, 
from a mathematical standpoint, than those 
considered heretofore. In the present case, the 
stress-distribution would itself have to be 
spiral-shaped. It would, therefore, as an ad hoc 
hypothesis provide no real explanation for the 
shape of the island arcs for there immediately 
arises the question as to why the stress state 
should be spiral-shaped. 

Nevertheless if the arcs are considered to be 

























FicurE 7.—D1aGRAMMATIC Cross SEcTION Across A DouBLE Mountain Arc, SucH As 
THOSE OF WESTERN NoRTH AMERICA 


(After Wilson) 


to be about 45°. Furthermore, actual sliding 
fractures seem more likely to cause earthquakes 
and to be connected with ocean deeps and vol- 
canoes than the macroscopic analogue of 
Liider’s lines. Deviations from circular shape 
of the arcs would have to be explained by 
geological irregularity. The surface features 
would again be due to an adjustment of the 
crust to the shrinking interior according to the 
ideas of Geszti (1929). Therefore sliding frac- 
ture seems the most likely cause for the form of 
the orogenetic belts, provided one wants to 
maintain the contraction hypothesis (see 
Fig. 8). 

On these grounds Wilson (1951) has applied 
this physical process to obtain a coherent 
theory of the growth of terrestrial features. He 
shows that the geology, the volcanism, the dis- 
tribution of earthquakes, and the whole pattern 
of existing active mountain ranges may be 
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explained in terms of this process. He concludes 
that this mechanism is physically valid and 
would serve to explain the growth during 
geological time of continents, oceans, and at- 
mosphere on a planet initially uniform and 
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Ficure 8.—Siminc Fracture Asout A WEAK 
Pornt ON A COOLING EARTH AS THE CAUSE OF AN 


Arc 
(After Wilson) 


lacking these surface features. Scheidegger 
(1952b) has investigated some physical argu- 
ments important in Wilson’s theory. Specifi- 
cally, he has shown that a thin crust of a sphere 
must fold in a smaller pattern than a thick one 
if the core shrinks by the same amount; that 
the speed of cooling of a sphere decreases if 
some radioactive and hence heat-generating 
material is moved from the surface towards the 
center (and conversely); and that at the level 
of no strain of a cooling sphere the temperature- 
depth curve must be almost straight. 

It is of some interest that most of the fore- 
going discussions remain valid if, instead of a 
contracting earth, an expanding earth is sub- 
stituted. Most of the theory of continuous 
matter is independent of the sign of the stresses 
so that similar failure patterns are produced 
in both cases. If a strongly csadioactive earth 
is heating up, similar physical principles would 
underlie its surface patterns. The fissures, 
earthquakes, etc. again could occur in arcuate 
belts; but it would be rather difficult to account 
for the fact that mountains are being folded. 


THEORIES OF OROGENESIS BASED UPON FLOW 
PHENOMENA 
Physical Basis: Flow of Matter and Heat 
Another group of theories of orogenesis 
ascribes the patterns on the surface of the earth 
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to flow phenomena in the orogenetic shell; th 
theories of undation, of continental drift, ay 
of convection currents. 

FLUID KINEMATICS: In this connection, jt 
seems useful to review first some of the bas 
facts about fluid kinematics. (See Goldste, 
1938, p. 26.) The theorems ensuing from th 
theory hold for any kind of flow. 

If the velocity vector is drawn at every point 
of a moving fluid, a vector field is obtaine 
If this vector field is independent of time, th 
flow is called “steady”. Steady flow is most 
important for geological applications, 

If the curl of the velocity field is formed, ; 
second vector field, the vorticity field, is ob- 
tained. The field lines of that vector field ar 
the vortex lines. The vortex lines through every 
point of a small closed curve form a tule, 
called a vortex tube. For any such vortex tube, 
the product of magnitude of the vorticity an 
the area of normal cross section at any point 
has the same value all along the tube. This 
constant product is called the strength of th 
tube. As a consequence of the constancy of th: 
strength, vortex tubes (and therefore also vor- 
tex lines) cannot begin or end in the fluid. Th 
vortex lines form closed curves, or begin ani 
end on the boundaries of the fluid, or, if w 
suppose the fluid to be unbounded, they got 
infinity. 

Circulation is associated with a closed cr 
cuit drawn in the fluid. Mathematically, th 
circulation round such a circuit is defined by 


the integral @ v,ds taken once completely rou 


the circuit, where v, is the component of the 
fluid velocity in the direction of the tangent 
at the element ds of the circuit. This circulatim 
may be shown to be equal to the total strength 
of all the vortex tubes that thread throug 
the circuit, and the difference of the circulation 
in any two circuits is equal to the total strength 
of all the vortex tubes that pass between them. 

The definitions of vorticity, vortex lin 
vortex tubes, and circulation, together will 
the theorems concerning the strength of a Wr 
tex tube and the connection of circulatio 
therewith, are purely kinematic or geometrical 
matters, completely independent of the pi 
ence or absence of stress. They hold, therefot, 
for any kind of flow. 
INVISCOUS FLOW: Surveying the properties@ 
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flow which will have a bearing upon geology, 
let us start with inviscous liquids. Of special 
interest is the case where a liquid layer upon a 
sphere (in the gravitational field of the latter) 
js oscillating. Van Bemmelen and Berlage 
(1935) have investigated this problem mathe- 
matically and found that the oscillations appear 
to be aperiodic for very short and very long 
waves, but may be periodic for medium wave 
lengths. A tendency to isostatic equilibrium 
seems to produce aperiodic oscillations only; a 
tendency to hydrostatic equilibrium appears 
required to produce periodic oscillations. This 
will be important in connection with the unda- 
tion theory. 

Of similar interest is the case of a rotating 
liquid sphere with masses floating upon it. It 
has to be expected that the rotating mass of 
liquid will hold together due to gravitation and 
assume the form of a geoid. Eétvés (1910) cal- 
culated that any floating masses upon such a 
rotating geoid will tend to drift towards the 
equator. A newer discussion of that result was 
given by Ertel (1931; 1935). This is important 
in connection with the continental drift theory. 

Other theories of orogenesis postulate ther- 
mal convection currents in the interior of the 
earth, assuming there a more complicated 
material than an inviscous liquid. Therefore, 
the important problem is that of the free 
thermal convection currents in various mate- 
tials between two concentric spherical shells of 
different temperatures, subject to a gravita- 
tional field originating in the center. Unfortu- 
nately, we cannot simply study the patterns of 
currents and later add the thermal facts, as 
was done for theories based on failure. The 
failure was independent of the manner in which 
the stresses and strains were produced, but the 
pattern of currents is mot independent of the 
mechanism maintaining them. 

The problem then is: to study possible con- 
vection currents in various materials that can 
occur because of temperature differences. Such 
currents, naturally, can only occur in con- 
tinuous matter capable of flow, that is, both in 
the types of liquids mentioned under “con- 
tinuous matter”, and also in certain types of 
solids, if the stresses due to temperature differ- 
ences are large enough to overcome the St. 
Venant yield stress. 
viscoUs FLOW: Heat transfer by liquids of 
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the Newtonian type has been investigated 
because of the importance of heat transmission 
in engineering problems. Some results are thus 
available in textbooks (e.g. McAdams, 1942). 
Those results have been obtained with particu- 
lar reference to water and air, for which the 
viscosity is very small. 

Dimensional analysis shows that the motion 
depends only on two dimensionless numbers: 
on the Reynolds number and on the product of 
the Grashoff and the Prandtl numbers. Let c 
denote the specific heat per unit mass of the 
material, D a characteristic diameter, g the 
gravity acceleration, k the thermal conduc- 
tivity, AT the temperature difference, V a 
characteristic velocity of the fluid motion, 8 the 
coefficient of expansion (per °C), 9 the viscosity 
and p the density, then the Reynolds number 
R is given by the equation 


R = DVp/n 
the Grashoff number G by 
G = D*pg8AT/1? 
and the Prandtl number P by 
P = cn/k 


If the Reynolds number is small, the motion 
is laminar or steady; above a certain limit it 
becomes turbulent. 

For laminar motion, the product \ of Gras- 
hoff and Prandtl numbers governs the thermal 
convection. Jeffreys (1926; 1928) has deduced 
theoretically that no-stable thermal convection 
should occur unless A is at least 1709. In his 
papers, the direction of the thermal gradient is 
supposed to coincide with the direction of the 
gravity acceleration. The formulas were de- 
veloped in connection with the study of thermal 
convection in air or water between two hori- 
zontal plates at a given temperature difference. 
The convective motion between two plates is 
pictured as occurring in the form of convection 
cells. A convection cell contains a vortex tube 
which is closed within the cell. The picture is 
thus in agreement with the kinematical prop- 
erties of vorticity. 

This theory has been tested experimentally. 
Schmidt and others (1935; 1938) have employed 
an optical method to study the mechanism of 
heat transfer by natural convection above a 
horizontal plate. The photographs do indeed 
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show a cell-like pattern under certain condi- 
tions. When the product of Grashoff and 
Prandtl numbers is above 2000, alternate 
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reference to geophysics by Pekeris (1935), Ty 
fluid was again assumed to be of Newtonig 
type. The pattern obtained was also a series ¢ 
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Figure 9.—A System OF CONVECTION CURRENTS IN THE EARTH 
(After Pekeris) 


portions of the fluid circulate upward and down- 
ward in streams of substantial width. As the 
characteristic product increases, the rate of 
fluid circulation increases, until finally turbu- 
lence ensues at A = 45000. 

Jeffreys’ results have been reviewed and 
extended by Low (1929). Pellew and South- 
well (1940) extended the results of Jeffreys 
and Low, and made investigations under 
different sets of boundary conditions. Qualita- 
tively, the previous results are confirmed, but 
it is shown that any oscillatory convective 
motion must of necessity decay. 

The above results might apply to a portion 
of the orogenetic shell if it is considered to be a 
plane. The macrocosmic case of the whole 
shell has been studied theoretically with special 


closed vortex tubes all around the shell (w 
Fig. 9). 

It is impossible that turbulence occurs i 
viscous flow if either R is of the order of several 
thousand or A above 45000. Turbulence always 
originates from the boundaries of the liguil 
and dissipates into its interior. The mm 
marked feature of any sort of turbulence is tht 
it is unsteady and quickly changing its pattem. 
It often does not show any regular feature ani 
is only manageable by statistical methods 

PLASTIC FLOW: Much less is known abot 
heat transfer in flowing plastic materials tha 
in Newtonian liquids. We know of no @& 
where a problem of plastic heat transfer ls 
been exactly solved. 

Therefore, we shall examine first what 8 
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known about the flow patterns of plastic mate- 
rials (which is little enough), and then try to 
combine it with thermal considerations. 

The St. Venant body, as is readily seen, is too 
restricted for a sensible “‘plastodynamics”, so 
the more general case of the Bingham body will 
be considered. The law of motion for such a 
Bingham body (Bingham, 1926) is: 


do/dr = p(r — 9) 









where r is the shear stress, 8 the St. Venant 
yield stress, dv/dr the velocity gradient and 
,a constant of the material, called the mobility 
(reciprocal viscosity). The St. Venant body 
would have infinite mobility. For statical con- 
siderations, however, this was immaterial and 
therefore in the theory of plastic yield it is 
sufficient to consider a St. Venant body. For 
vanishing yield stress, the Bingham law re- 
duces to the equation of motion for a New- 
tonian liquid. 

The existence of the yield stress means that 
the motion does not depend only on the dimen- 
sionless numbers listed before. If the heat trans- 
fer is disregarded, the Reynolds number is still 
important (where » is now replaced by 1/n). 
Another important number is, however, 


S = dDp/V 





of which a fuller account is given by Oldroyd 
(1947b). 

It may sometimes be necessary to apply more 
complicated laws of motion. The mobility is 
not always constant; it may increase when 
greater stresses are applied. Reiner (1930b) 
reviewed the possible laws of flow for plastic 
materials and stated the most general law con- 
sistent with our present knowledge of the phe- 
nomena and having the simplest algebraic 
form. But even so, it is rather complex and not 
too practical. 

Very little has yet been done in solving 
specific problems which might have a bearing 
upon geophysical problems. Reiner (1930a) 
calculated the plastic flow between two rotating 
cylinders. If the inner cylinder rotates and the 
outer one is fixed, then that gives a very rough 
picture for part of a convection tube. 

Reiner made his calculations under the as- 
sumption of the Bingham law of motion, for a 
fixed inner and rotating outer cylinder (a 
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rotation viscosimeter). The material between 
the two cylinders will not flow if the torque M 
acting between the cylinders is smaller than a 
certain value Mo. If M exceeds the value Mo, 
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Ficure 10.—CONNECTION BETWEEN THE TORQUE 


AND THE ANGULAR MOMENTUM IN REINER’s Ro- 
TATION VISCOSIMETER 


(After Reiner) 


the material will start to flow where the stress 
is largest, i.e. at the surface of the inner cylin- 
der. As long, however, as the stress on the inner 
surface of the outer cylinder is below #, there 
will be a shell of solid material adjacent to the 
outer cylinder. When the torque becomes 
greater than another definite value Mj, all the 
material between the cylinders will flow. The 
connection between the torque M transmitted 
between the two cylinders and the relative 
angular velocity 2 is shown in Figure 10. K is 
a certain geometrical constant. The velocity 
distribution between the cylinders was also 
calculated. It takes the form of a rather com- 
plicated expression. 

In order to obtain a better idea about the 
mechanics of plastic flow, more qualitative 
arguments have to be used. An interesting 
study of possible analogies between plastic and 
viscous flow has been given by Oldroyd (1947c). 
The plasticity equations are solved “in the 
large” for cylinders of various shapes moving 
through each other. The plastic lines of flow are 
compared with the viscous lines of flow (see 
Fig. 11). The difference is not very great, apart 
from the fact that in plastic flow one finds a 
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solid kernel in those regions where in viscous 
flow there is a small velocity gradient. 

It is now our task to obtain an idea of what 
may happen when a plastic material is heated 





Contours of equal velocity in steps 
of 0-2V for Bingham material. 
Broken lines indicate the corresponding 
contours for a Newtonian liquid. 
FicurE 11.—ComPaRIsON OF PLASTIC AND 


Viscous LinEs oF FLow In A SPECIAL CASE 


(After Oldroyd) 


from below. For vanishing yield stress, the 
Bingham body is a Newtonian liquid. The 
presence of a yield stress will affect the forma- 
tion of convection cells to such an extent that 
it will need a greater temperature difference to 
start the motion than that one corresponding 
to a characteristic product of Grashoff and 
Prandtl numbers equal to 1709. Moreover, in 
view of Oldroyd’s results, it is very likely that 


the center of the vortex tube in the cell will 


rotate as a solid. The velocity distribution and 
the transmission of torques in the plastic region 


would be similar to that one in Reiner’s rota- 
tion viscosimeter. 


If the yield stress is assumed to be rather 
large, however, the above arguments are ques- 
tionable. A new phenomenon may take place 
whose nature may not be revealed by such 
simple analogies. For large velocity gradients, 
a phenomenon might be found in the study of 
plastic flow which would be analogous to turbu- 
lence in a Newtonian liquid: The flow should 
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become unstable instead of being steady, 
laminar. Phenomena of this sort are import 
in the pipe-line transportation of certain my 
rials and therefore attempts have been made 
find criteria for the onset of turbulence 
plastic flow. Hersey (1932) used the method 
dimensional analysis to find such criteria, jj 
investigations were made for the general ky 
of motion of Reiner and his equations conta 
many unknown functions. Even if his equatios 
are reduced to Bingham’s law, some unknom 
functions are still left so that Hersey’s criteri 
are of very little practical use, except that fy 
vanishing yield stress his equations reduce 
Reynolds’ criterion, which is thereby confirmed, 

Thus, it must be expected that, under vey 
great temperature differences, vortices woul 
be formed at the boundaries which would d 
sipate into the plastic medium, as this wast 
case in viscous liquids. The flow is then w 
longer steady. 

Further mathematical investigations of te 
theory of plastic flow must therefore be mk 
before more can be said about convectionar 
rents in plastic material. 


Geological Implications 


General statement—In considering the 
theories of orogenesis which assume a fui 
mechanism in the orogenetic shell, we sul 
use the two review articles of Gutenbey 
(1930; 1939). and some more recent origin! 
papers. 

As already mentioned, there are three ds 
tinct hypotheses falling into the present chap 
ter: the undation, the continental drift, andt 
convection current hypotheses. 

Undation theory. —This theory of Haarmam' 
(1930) assumes the earth to be a rotating ms 
of rather liquid material with a stiff coating 
In the rhythmic occurrence of cosmic inhi 
ences, the figure of the geoid is disturbed aul 
has to be restored to equilibrium by the & 
placement of large masses, especially of sub 
crustal magma. The displacement of the 
subcrustal masses effects a vertical movemét! 
of the surface of the earth which shows up# 
the formation of mountains and geosyndlins 
After the disappearance of the cosmic pt 
turbation, the motion of the crust will be int 
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opposite direction, so that it starts to oscillate 
or undate up and down during the ages. 

The undation theory has generally not been 
taken very seriously. We have mentioned above 
that Van Bemmelen and Berlage (1935) have 
investigated a model of the undation hypothesis 
and concluded that the theoretical frequency 
and also the damping ratio of the oscillations 
are both much too high. It is also very ques- 
tionable whether the notably small cosmic per- 
turbances can suffice to initiate large-scale mass 
displacements, unless some consideration about 
resonance frequencies are made. Such investi- 
gations, however, do not seem to have been 
undertaken. However, Van Bemmelen supports 
the undation theory and used it as a basis for 
explaining the geology of the Netherlands East 
Indies (Van Bemmelen, 1949). Many geologists 
who have worked in that region, though, do 
not support his interpretations. 

Continental drift theory —This theory assumes 
the whole earth to be practically liquid, with 
the land masses floating upon it in perfect local 
isostasy like ice on water. The fluid substratum 
is supposed to assume the equilibrium form 
of a geoid. As already shown, any floating 
masses upon such a rotating geoid trend to 
drift towards the equator. Wegener (1924), 
especially has stated the case for this hy- 
pothesis. It has been discussed subsequently 
on several occasions, but because of serious 
difficulties it is now almost abandoned. 

A most serious difficulty is that all drift 
theories can explain only one orogenetic diastro- 
phism. If two continents are drifting towards 
the equator for example, they may proceed 
until they collide. This can explain the folding 
of, say, the Alpide mountains, but once the 
continents have arrived at the equator, they 
would simply stay there and nothing more 
would happen, nor could anything have hap- 
pened before they arrived at the equator. The 
diastrophisms of the Paleozoic era and of the 
Precambrian thus remain totally unaccounted 
for. 

Secondly, the idea of local isostasy does not 
appear to be well supported. Modern gravity 
determinations have shown that mountain 
Tanges and island arcs are not locally isostati- 
cally compensated. This does not fit very well 
into the concept of floating continents. 
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Thirdly, the origin of those floating con- 
tinents is a problem. It is indeed somewhat 
questionable whether a crystallization of the 
magma would have produced continental 
blocks. One would imagine that the freezing 
would have formed a uniform coating of the 
earth rather than continental blocks. To get 
around this difficulty one must assume that the 
earth proceeded to cool faster in some spots 
than in others; one would naturally think of 
the poles as being cooler than the rest of the 
planet. 

If this is assumed, however, then convection 
currents in the substratum must have occurred 
and two original continents would have been 
formed at the two poles in agreement with the 
calculations of Pekeris (Fig. 9). Such two con- 
tinents have been postulated and named 
Laurasia and Gondwanaland. In a modern 
attempt at the continental drift hypothesis, 
Hills (1947) has tried to obtain a coherent 
theory of the present distribution and shape of 
continents and mountain belts. However, since 
the present distribution of the mountain belts 
is very irregular, he had to break up and shift 
Laurasia and Gondwanaland about in a rather 
arbitrary way. It is not at all clear where the 
forces for this shifting are supposed to have 
come from. 

Large continental shifts have been postulated 
before, always with the understanding that the 
“collisions” gave rise to the mountains. The 
search for the forces led to the postulate of sub- 
crustal convection ‘currents (Holmes, 1929) 
whose drag would have enough power to throw 
the continents together in such a manner that 
mountains would be folded up. However, the 
old objection that only single orogenetic dias- 
trophisms could be explained in this way still 
holds. Precambrian geologists everywhere agree 
that the shields are not parts of a primitive 
crust, but that they probably represent the 
fusion of old mountain belts, and certainly 
that they contain many belts of infolded sedi- 
mentary rocks. 

The idea of continental collisions was there- 
fore finally abandoned and the claim made 
that convection currents alone would suffice 
to explain the orogenetic cycles. 

Convection currents.—Griggs (1939) and Ven- 
ing Meinesz (1934; 1947; 1948) especially have 
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advanced the case for mountain building by 
means of convection currents. 

Griggs (1939) assumes that convection takes 
place in the asthenosphere due to a tempera- 
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The rotating drums in the model experiment ¢ 
Griggs form such vortex lines and the questin 
arises, therefore, as to how the correspongj 

lines are arranged within the earth. If they a 


Ficure 12.—STerEoGRAM OF A MopEL a witH A Rotatinc Drom In A Viscous 
IQUID 
Showing the development of tectogenes. (After Griggs) 


ture gradient within the latter. To demonstrate 
the effect of those postulated currents in rela- 
tion to orogenesis, a model experiment was 
performed. The vortex tubes were replaced 
by rotating drums in a viscous liquid (Fig. 12). 
A more theoretical investigation of the oroge- 
netic significance of those vortex tubes has been 
given by Hafner (1951). His results are similar 
to those of Griggs. 

Thus, one is led to expect mountains and 
tectogenes along the “borderline” of a convec- 
tion current, and such convection currents 
seem at first sight to provide a reasonable 
explanation for the mountains. However, there 
are some severe difficulties to be overcome 
before such a theory can be accepted. 

Griggs’ paper deals only with convection 
currents of continental dimensions or with the 
cross sections of mountain belts. The plan and 
the three-dimensional arrangement of convec- 
tion currents in existing island and mountain 
arcs is completely neglected. Convection cur- 
rents, as suggested by Griggs, form big vortices, 
and it has been demonstrated that a vortex 
line in any fluid is always closed or else ends 
at the surface or at the walls of the container. 


connected with curved island arcs, they must 
be curved, too, and where the island ares join 
each other the vortex lines must disappeat 
suddenly. From the hydrokinematical stané- 
point this is, to say the least, very difficult 
explain. 

Second, in Griggs’ model, the dynamial 
similarity has been obtained by using equl 
Reynolds numbers, but the thermal similanity 
has been completely neglected. To start cm- 
vection currents, the product of Grashoff and 
Prandtl numbers must be at least 1709. A little 
calculation shows that this is possible in th 
earth (for approximately D = 500 kms, p = 
3 g/cm®, 8 = 5 X 10-*/deg., c = 1 cal/g.deg, 
n = 10% Poise and k = 5 X 107 cal/secm 
deg., one obtains X = 3000), but the therm 
facts have no analogues whatsoever in the 
model. It is questionable, therefore, whethet 
the convection currents would occur in th 
supposed way. 

Third, the convection currents described 
above are laminar and steady and thus do not 
reflect the fact that orogenetic events occur it 
single diastrophisms and not steadily. Grigg 
was fully aware of this difficulty and therefor 
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postulated that his substratum be pseudovis- 
cous instead of viscous. It is not quite clear 
what he meant by the word “pseudoviscous” 
In the few calculations which he made, a rheo- 
logical equation was used which resembles a 
creep condition of a Maxwell liquid, but the 
model which he constructed appears to show 
the characteristics of a St. Venant yield stress. 
At any rate, the idea was to introduce a sub- 
stratum of such properties that it behaved like 
a solid until a sufficiently high temperature 
gradient was reached, and then executed a half 
revolution in laminar viscous motion. It then 
should stop dead, because the temperature 
gadient had been abolished by this process 
and not until a sufficient gradient had again 
been established was another cycle to start. 
Needless to say, the existence of such a mys- 
terious pseudoviscous medium is purely specu- 
lative. The motion of plastics which may be 
related to Griggs’ pseudoviscous motion will 
be discussed at the end of this section in greater 
detail, but they do not seem to behave as 
postulated by Griggs for his pseudoviscous 
material. 

Therefore, the only way to obtain single 
diastrophisms in viscous liquids may be to 
abandon laminar motion and assume turbu- 
lence. In order to have turbulent motion, either 
the Reynolds number must be of the order of 
several thousand, absolutely impossible in the 
asthenosphere (the motion is at any rate much 
too slow), or else the characteristic product of 
Grashoff and Prandtl numbers must exceed 
45,000. The latter condition could be satisfied 
if one assumes the viscosity of the orogenetic 
shell as low as 10% Poise—which is unlikely 
although not impossible. 

Thus we shall consider for a moment the 
possibility of unsteady flow. This sort of flow 
is quickly changing its pattern and thus could 
give rise to single orogenetic diastrophisms 
that occur repeatedly, but, it seems, much too 
frequently if turbulent motion of the sub- 
sttatum is assumed as cause. The idea that a 
single vortex may proceed towards the exterior 
of the earth and cause there spiral-shaped 
sttuctures, as is known of the sunspots or the 
air in cyclones, has been promoted by Fuji- 
whara and coworkers (1933). Again, this hy- 
pothesis seems rather far fetched, for the 


THEORIES OF OROGENESIS BASED UPON FLOW PHENOMENA 








145 


echelon structures of Asia (which serve as an 
example in that paper) do not seem to have 
much actual resemblance with the cross section 
of a vortex tube. 

Therefore, if one does not want to assume 
turbulence, one has to look for a different mech- 
anism which could produce single diastro- 
phisms, similar to the way Griggs tried to solve 
the problem. It is to the credit of Vening 
Meinesz (1948) that he stated clearly that he 
expected such an explanation by assuming a 
plastic substratum with a definite, nonvanish- 
ing yield strength. 

Vening Meinesz supposed that a direct con- 
sequence of this finite yield strength would be 
the counteraction of the instability which other- 
wise the cooling of the earth would bring about. 
He considered that this cooling causes a lower- 
ing of the temperature at the surface of the 
convection layer, the upper part of this layer 
thus acquiring a greater density than the lower 
half. Vening Meinesz then proceeds to state 
that 


‘fn the case of a Newtonian liquid, this would 
mean instability, as the slightest disturbance would 
start a convection current. If, however, the layer 


— a certain strength, the disturbance must 
powerful enough to overcome this strength 
before the current can be started.” 


In this connection, the reader is reminded of 
the investigations of Jeffreys (1928) and others 
(Schmidt and Milverton, 1935; Schmidt and 
Saunders, 1938). In view of those results, the 
statement of Vening Meinesz that an arbitrarily 
small temperature gradient would mean insta- 
bility in a viscous medium is not true. The 
temperature gradient has to reach a definite 
value even in viscous media before instability 
occurs. The additional assumption of a finite 
yield strength therefore, does not seem so tre- 
mendously important except to increase the 
temperature gradient necessary for instability. 

Furthermore, Vening Meinesz believes that 
some other starting phenomenon is also neces- 
sary to get the currents moving and that a 
plastic substance would cause the currents to 
be intermittent. He proceeds with the following 
statement. 


“Because of the initial temperature difference 
needed to overcome the strength limit and start 
the current, we may assume that this will quickly 
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a nm with that 
which a steady convection in a Newtonian liquid 
would assume. Moreover, during the first quarter 
of a complete revolution it will no doubt further 


attain a fairly high speed in compari 


type ‘a’ current 
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currents. The picture created by Vening yi 
nesz is, however, very phenomenological a 
not based upon sound rheological TASOning 
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FicurE 13.—TuHe Two Possiste Types oF CONVECTION CURRENTS 
(After Scheidegger) 


accelerate, since the sinking column will receive 
more and more low temperature matter from the 
surface while in the rising column the higher tem- 
perature of the d yers penetrates further 
towards the surface. So the difference of mass in the 
two columns caused by their different temperatures 
will increase till a maximum is reached after about 
a quarter revolution. This increasing mass differ- 
ence will produce an increasing pressure difference, 
with a resultant acceleration of the current during 
this period. (...) After about a quarter revolution 
the speed will gradually decrease as higher tem- 
perature matter penetrates from above into the 
sinking column and lower temperature matter from 
below into the rising column. The mass difference 
between the two columns will be thereby dimin- 
ished and the current brought gradually to a stop. 
This as occur before aah half a a, 
since at that point, ro’ ae g, the higher 
temperature matter has cae in the upper layer 
and the cooler matter at the bottom; the situation 
has become stable. No new current can come into 
being before, first, the cooling of the earth has re- 
established a vertical gradient of the temperature, 
and, second, a starting phenomenon of sufficient 
intensity has occurred.” 


The assumption of a plastic substratum is 
thus believed to give rise to “intermittent” 





We have tried to obtain an idea of wht 
happens when a plastic material is heated frm 
below (under ‘Flow of Matter and Heat’) 
Although an exact solution of the problem u:- 
mittedly does not exist, the evidence seems 1 
point toward a steady phenomenon, not tw 
much different from convection in a visu 
material. Therefore, Vening Meinesz’ supp 
tions need, to say the least, a lot more physidl 
corroboration. 

It seems that an intermittent phenomenon 
plastics could only occur under turbulent con 
tions, and it is questionable whether the 
conditions apply in the earth. Thus, all i 
convection hypotheses outlined seem to fat 
the serious difficulty that they can expli 
only steady phenomena of long duration. 

On the other hand, the convection hypothes 
have the great advantage of explaining the@ 
served heat flow through the surface of tH 
earth. Bullard (1950) held that this heat for 
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could not be maintained very well merely by 
conduction through the outer mantle. Further- 
more, convection currents in the iron core of 
the earth are believed to be the cause of the 
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the patterns shown in Figure 13. They might 
have geological significance in two ways. First, 
the type a currents might bring to the surface, 
sial which accumulates in rigid shields above 
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FicurE 14.—Poss1BLE FoRMATION OF CONTINENTS AND OCEANS BY UNDERLYING CONVECTION 
CuRRENTS 


(After Scheidegger) 


earth’s magnetic field (Elsasser, 1950). To 
maintain those currents, a certain heat flow is 
necessary, a heat flow which cannot be main- 
tained by conduction alone in the outer mantle. 
This serves to substantiate the observed data 
about heat flow out of the earth which, regarded 
by themselves, are rather inaccurate and might 
be changed by new measurements. 

It seems, therefore, that such convection 
currents could exist only on a continental 
sale. There is no difficulty in assuming slow 
convection currents (Scheidegger, 1952a), pro- 
Vided that they move at a rate of not more than 
about 2 mm per year, which are quite sufficient 
to remove enough heat from the core to main- 
lain the earth’s magnetic field. Breaking 
strength and “viscosity” of the flowing mate- 
tial are about those of limestone. 

Such convection currents must have one of 


these rising columns (Fig. 14). Alternatively 
(less likely), the sial at the surface might be 
concentrated in shields by the type 6 currents 
without being engulfed and sucked down by 
them. Both cases would cause physiographic 
features of a continental scale. If the radius R 
of convection currents becomes too big, ring- 
shaped structures result. 

In this manner, convection currents might 
provide an explanation of the existence of con- 
tinents and oceans. They would also provide 
an explanation of why all continental and ocean 
shields are of the form of blocks—and not a 
large belt around the globe. The motions con- 
nected with these convection currents would 
be the continental uplift, the drag at the edges 
of a continent, etc. These motions would be of 
the same order of speed as the convection cur- 
rents—a few millimeters per year. A drawback, 















































however, is that all shields seem to show the 
structure of eroded mountain roots rather 
than of uplifted blocks of magma. 

Vening Meinesz (1944) has speculated that 
continental convection currents might explain 
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Ficure 15.—Map (on MERcaToR’s PROJECTION) 
SHOWING THE HyporHETicAL SysTeM oF CON- 
VECTION CURRENTS Givinc RISE TO THE DistTrRI- 
BUTION OF CONTINENTS AND OCEANS 
(After Vening Meinesz) 


the distribution of the continents over the sur- 
face of the earth. As has often been remarked, 
the distribution of the continents, though quite 
irregular, shows a few systematic features. 
The continents are nearly everywhere antipodic 
to oceans, and they are all roughly triangular, 
touching each other in the north and pointing 
southwards. Four old shields have their posi- 
tions, roughly speaking, at the corners of a 
tetrahedron. 

This distribution of the shields might be ex- 
plained by speculating that there is or was at 
one time a system of large convection currents 
in the earth, the centers of four type @ currents 
coinciding with the corners of a tetrahedron 
with the centers of four type b currents opposite 
to those corners. Figure 15 shows the system 
of currents: the axes of type a currents are 
represented by solid lines; of type 6 currents by 
broken lines. Each current covers an octant 
whose edges are indicated by dotted lines. 

The creation of this system could be made 
plausible by the remark that a regular pattern 
is most likely to occur. The octahedron is the 
only regular surface in which an even number 
of sides touches in one corner, and this is a 
necessary condition for a convection current 
distribution. 

Thus, it seems quite plausible that the hy- 
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pothesis of convection currents might 
capable of explaining the observed heat flow ang 
physiographic phenomena that occur steadily 
and on a continental scale. The hypothesis 
however, seems rather shaky when applied tp 
features that occur on a smaller scale such a 
island arcs and mountain belts, and equally 
when it is used to explain phenomena of short 
duration such as earthquakes and orogenetic 
diastrophisms. 


CONCLUSION 


We have reviewed the theories of orogenesis 
In doing so, we tried to be as impartial a 
possible, discussing the merits and faults of 
each of the hypotheses from the viewpoint o 
a physicist. 

The principal competitors as the true theory 
of orogenesis are the contraction hypothesis 
(with sliding fracture along arcs) and the 
hypothesis of thermal convection. Both theories 
are based upon the assumption that the earth 
is losing heat. (On the other hand, the theory 
of continental drift would hold i_+ any mode 
of the earth which is sufficiently fluid inde 
pendently from thermal considerations, but it 
is now almost abandoned.) 

The contraction hypothesis gives a reason 
able explanation for the shape of the island are 
and mountain belts, for the earthquakes, and 
for the fact that orogenesis occurs in single 
diastrophisms. However, the observed heat 
flow appears too large. Furthermore, an it 
vestigation of the creep properties of rock (even 
of sandstone) shows that such material is 
capable of slow flow, which, naturally, tends 
to counteract any build-up of stresses and thus 
also the occurrence of earthquakes and om 
genetic diastrophisms. 

The convection theory shows that the very 
properties of creep and flow might cause the 
mountain belts and island arcs as well as the 
continents, and explains the observed het 
flow at once. However, only cross sections d 
orogenetic belts have been explained satislat 
torily. Neither their arcuate strike nor the deep 
focus earthquakes connected with them at 
explained. The repeated but intermittent 
ture of orogenetic movements is another dif 
culty in this theory. 

Both the two principal theories, thus, #@ 












ight be 
flow and 


Steadily 


plied to 
such as 


of short 


artial as 
faults of 
point of 


e theory 
rpothesis 
and the 
| theories 
he earth 
ie theory 
ry model 
tid inde- 
s, but it 


| reason 
sland art 
kes, and 
in single 
red heat 
», an it 
ck (even 
terial is 
ly, tends 
and thus 
and 0f0- 


the very 
cause the 
al] as the 
ved heat 
ctions a 


the deep 
them art 
ttent na 
ther difi- 


hus, see 











able to account for part of the observedphe- 
nomena. Heretofore, it has always been as- 
sumed that the two theories preclude each 
other. This is, however, not necessarily the 
case. The mechanism that produces island 
arcs, mountain belts, and earthquakes may be 
different from the mechanism causing the heat 
fow and movements on a continental scale. 
The two phenomena—thermal convection cur- 
rents and sliding fracture—could exist side by 
side if the characteristic time for the convection 
is long compared with the characteristic time 
for the fractures—in other words, if the move- 
ments around the island arcs are measured at 
least in centimeters per year, as compared with 
the few millimeters per year necessary to ac- 
count for the heat flow by convection. 

Thus, a combination of the two theories 
might in the end provide a satisfactory ex- 
planation for the observed patterns. However, 
it should be kept in mind that all the theories 
of orogenesis remain purely speculative until 
more factual data about our planet are known. 
The question as to whether the earth is heat- 
ing or cooling is most fundamental and has not 
been decided yet. The directions of motion of 
the deep focus earthquakes is known for only 
one or two cases which are hardly conclusive. 
Finally, it might be hoped that some day one 
will be able to get really substantial information 
about the rheological state of the earth’s 
interior. 

As long as we are so much in the dark about 
these fundamental facts, we can hardly arrive 
at more than rather vague conclusions as to 
the cause of orogenesis. 
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GEOLOGY OF AGUA FRIA QUADRANGLE, BREWSTER COUNTY, TEXAS 
By C. GarpLtEy Moon 


ABSTRACT 


The 15-minute Agua Fria quadrangle in southwestern Brewster County, Texas, is arid, sparsely vege- 
tated, and includes diverse topographic features that result chiefly from complex structure and variation 
in rock resistance to erosion. The mountainous and more complicated southern part of the area has suffered 
much deformation by igneous intrusions and faulting. 

The Comanche series is represented by the Devils River limestone, Grayson marl, and Buda limestone. 
A disconformity separates it from the overlying gradational Gulf series which consists of the Boquillas, 
Terlingua, and Aguja formations. Because the Boquillas-Terlingua boundary problem is critical and un- 
settled, lithologic members and paleontologic zones in that section are described in considerable detail. A 
distinctive 50-foot rock unit, herein named the Fizzle Flat lentil, occurs about the middle of the Boquillas- 
Terlingua sequence. A widespread angular unconformity separates the Gulf series from the Tertiary Buck 
Hill volcanic series. Quaternary terrace gravels occur at different levels, and other alluvial deposits have 
been mapped. 

The Tertiary hypabyssal igneous rocks are alkalic and form stocks, laccoliths, plugs, sills, dikes, and 
bysmaliths or trap-door domes. Several lava flows are preserved in the southwest part of the quadrangle. 
Metamorphic effects generally are slight. 

The area is part of the Big Bend sunken block. Except where influenced by intrusive masses, a pattern 
of northwesterly normal faults establishes the structural trend of the area. Step faults are common. Most of 
the major faults are downthrown to the southwest with the huge intervening blocks tilted gently to the 
northeast. That much of the fault pattern was established during the Laramide revolution and that faulting 
recurred along the old lines of weakness fairly late in Tertiary time are postulated. 
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INTRODUCTION 


The 15-minute Agua Fria quadrangle, an 
area of about 275 square miles in the south- 
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Eifler, 1943). 


Bend region of Texas, is bounded by the 29°45’ 
and 29°30’ parallels and the 103°30’ and 103°45’ 
meridians (Fig. 1). The center of the quadrangle 
lies almost 60 miles south of the city of Alpine. 

The area is arid and devoted to grazing. State 
highway No. 118, known as the Alpine-Ter- 
lingua road, traverses the eastern part of the 
quadrangle. There are few other good roads, 
but passable automobile trails have been bladed 
into remote ranch localities. 

The investigation of the structure, stratigra- 
phy, and igneous geology of the Agua Fria 
quadrangle is part of the large-scale mapping 
project and program of study that the Bureau 
of Economic Geology is conducting in west 
Texas. 





= ype: published maps: (2) Terlingua-Solitario reg 
*(Goldich and Feims, 1949); (4) Santiago Peak quadrange 


Geological Survey topographic sheet of the 
Agua Fria quadrangle. 
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Previous Work 


Hill (1900, p. 2) first listed the Trans-Pecos 
Province as a natural subdivision of the physi- 
cal geography of the State. Udden (1907b) was 
the first to describe the stratigraphy. Where 
possible to determine, his definitions of forma- 
tions in the Gulf series were followed in the 
present mapping. 

Baker has published several papers on Trans- 
Pecos Texas that emphasize structure. Many 
data from his earlier works are included in his 
publications of 1935. 

Lonsdale (1940), the first to concentrate at- 
tention on specific rock masses within the quad- 
rangle, studied and mapped the igneous geology 
of the southern part of the area. 

The Buck Hill volcanic series, defined by 
Goldich and Elms (1949) in the next quadrangle 
to the north, has been traced in the present 
work along the western third of the area. 


PHYSIOGRAPHY 


Great diversity in structural conditions and 
resistance of the rocks (clays to igneous types) 
and scant vegetation in this semidesert region 
provide a variety of topographic forms (Pl. 3; 
Pl. 4, fig. 1) ranging from valley flats to peaked 
mountains. The less spectacular features are 
generally found in the north; those resulting 
from more complex geological conditions are 
abundant in the south. The maximum relief, 
east of Agua Fria Mountain, is almost 1800 
feet; the average elevation for the quadrangle 
's approximately 3500 feet. 

Except for the extreme eastern part, where 
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intermittent drainage is into Nine Point Draw, 
the Agua Fria area is drained by Terlingua 
Creek and its tributaries, the largest being 
Alamo de Cesario Creek. Terlingua Creek, 
which empties into the Rio Grande, is a large 
intermittent stream with a few permanent 
stretches and water-holes. The valley developed 
by it, depending upon rock erosional resistance, 
ranges from a broad open type to canyons and 
gorges. Several stream terraces occur along its 
course in the central part of the quadrangle. 


STRATIGRAPHY 
Stratigraphic units 


Alluvium 
Gravel 
Buck Hill volcanic series 
Aguja sandstone 
f upper Boquillas - Ter- 
Gulf series lingua unit 
lower Bogquillas - Ter- 
lingua unit 
Buda limestone 
Grayson (Del Rio) marl 
upper Devils River (= 
Georgetown) limestone 


Quaternary 
Tertiary 


Cretaceous 


Comanche series 





Comanche Series 


Devils River limestone—The Devils River 
limestone was named by Udden (1907a, p. 56- 
60) from exposures along Devils River in west 
Texas, where the section consists of resistant, 
white to gray, massively bedded limestone. 
These moderately coarse-grained to compact 
limestones are equivalent to the Edwards and 
Georgetown formations of central Texas. The 
upper Devils River is the oldest rock exposed 
in the Agua Fria area, and fossils indicate that 
it is of Georgetown age. 

Ourcrop: The Devils River limestone crops 
out on Gray Hill, Packsaddle Mountain, Pan- 
ther Mountain, and the northeast flank of the 
Solitario in the extreme southwest corner of 
the area. These localities are structural highs 
with many faults of large displacement, and the 
resistant Devils River forms dip-slopes in the 
uplifts. At Gray Hill, the dip-slope is to the 
north-northwest; at Panther Mountain it is 
south-southeast; in the Solitario area, to the 
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northeast; and on Packsaddle Mountain it is 
very nearly quaquaversal. Fault scarps of the 
Devils River form precipitous cliffs in which are 
caves and shelters. 

At Gray Hill and at Panther Mountain the 
Devils River is exposed in trap-door blocks of 
domical uplifts. Outcrops in the southwest part 
of the area occur in similar up-faulted blocks. 
The upper Devils River limestone at Pack- 
saddle Mountain wraps around a rhyolite plug 
except on the north flank, where a fault of great 
magnitude interrupts its continuity. 

THICKNESS AND LITHOLOGY: The greatest ob- 
served thickness of Devils River section is on 
the west side of the igneous plug that forms the 
core of Packsaddle Mountain, but complex 
structural conditions made a measurement im- 
practical. Hence only the 180 feet of upper 
Devils River exposed at the south end of Gray 
Hill is described. 

The lower 120 feet of this interval consists 
of very hard, gray to brownish-gray, massively 
bedded, almost pure limestone with a few zones 
of gray to rusty brown chert nodules. The mas- 
sive beds form vertical cliffs, some of which are 
honeycombed to cavernous. The strata exhibit 
karren and a type of weathering which suggests 
that solution has taken place along minute ir- 
regular cracks. The tinahitas described by 
Udden (1907b, p. 28) characterize the weathered 
rock surfaces in this section, and the rock 
weathers into angular fragments. 

Evenly bedded limestones 1 to 2 feet in aver- 
age thickness make up most of the upper 60 
feet of Devils River section. These strata are 
essentially the same color as the massive beds 
below except for a tendency toward lighter and 
even whitish shades for the uppermost beds. 
Being somewhat irregularly bedded, the top- 
most beds weather to nodules as well as angular 
fragments. On aerial photographs, a fluted pat- 
tern of weathering characterizes the top of the 
formation. 

Fossits: Fossils collected from the Devils 
River on the north flank of Packsaddle Moun- 
tain include: Ennalaster texanus Roemer, Hol- 
aster simplex Shumard, Kingena wacoensis Roe- 
mer, Gryphaea washitaensis Hill, Gryphaea sp., 
Pecten (Neithea) bellula? Cragin,  Pecten 


(Neithea) texanus Roemer, Pecten sp., a small 
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Nucula-like pelecypod, and a small Homiig 
At the top of the Devils River section on Gry 
Hill several large Turrilites brazoensis Roeng 
were found. Although some of the species lists 
have longer ranges, several are Georgetom 
fossils. Paleontologic evidence supports, ther 
fore, the assignment of Georgetown age to th 
Devils River beds exposed in the area. 

STRATIGRAPHIC RELATIONS: The contact ¢ 
the Devils River limestone with the overlyiy 
Grayson marl is conformable. The base of th 
Devils River is not exposed in the Agua Fr 
quadrangle. 

Grayson (Del Rio) Marl.—Cragin (1894, p 
40, 43) first used the term Grayson mazrl fe 
numerous outcrops, especially in Grays 
County, Texas, of the yellowish, highly al. 
careous, slightly arenaceous, fossiliferous mal 
that contains abundant Exogyra arietina Ree 
mer. Hill and Vaughan (1898, p. 236) applied 
the name Del Rio clay to the greenish laminated 
clay, which weathers yellow and includes bes 
of limestone, in the vicinity of Del Rio, Va 
Verde County, Texas. Here the clay is under 
lain by Georgetown limestone and overlain by 
Buda limestone. Although the definition of Hil 
and Vaughan is more specific and fits precisely 
the stratigraphic sequence of the Agua Fra 
area, Cragin’s Grayson has priority. 

Ourcrop: Sandwiched between the massive 
limestones of the Devils River below and the 
Buda above, the Grayson marl crops out in the 
four uplifts listed for the Devils River form- 
tion. The uppermost Grayson is exposed ats 
fifth locality about 2 miles east-southeast of the 
Old Stage Stand (NE)! in the upthrown bloc 
of a fault of the same name. 

THICKNESS AND LITHOLOGY: A 118-foot thick 


1To aid in locating positions on Pilate 1, the 
following scheme is used: 





Nw | NC | NE 





WC | Cc | EC 








sw | sc | SE 





The Old Stage Stand (NE), for example, is found 
in the northeast 5-minute quadrangle of the mp 
area. 
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STRATIGRAPHY 


Grayson section was measured on Gray Hill, 
but badly covered slopes prevented the exact 
determination of vertical positions of fossil 
zones. 

The Grayson formation consists of friable, 
yellow-green-gray, laminated calcareous shale 
to massive calcareous clay or marl. The lower 
third of the section contains a few thin, rusty 
silt beds up to 2 inches thick. In the upper part, 
there are thin beds of impure (sandy), rusty 
brown limestone that contain countless Haplo- 
stiche texana (Conrad). A 2.5 to 3-inch bed of 
hard, rusty yellow-gray coquina, composed of 
tightly cemented fragments of oyster shells, 
occurs a foot below the Grayson-Buda contact. 

Talus and slide rock conceal all except the 
uppermost part of the Grayson formation at 
the base of the fault scarp about 2 miles east 
of the Old Stage Stand. Laminated beds of 
hard, rusty brown, silty to sandy limestone, 
+ inches thick, make up this section. 

Fossits: Exogyra arietina Roemer, abundant 
inthe middle Grayson of central Texas, is rare 
inthe Agua Fria area. The diagnostic Grayson 
fossil in west Texas is the arenaceous foraminifer 
Haplostiche texana (Conrad), abundant in the 
upper sandy limestone beds. 

Turrilites brazoensis Roemer and the oysters 
Exogyra cartledget Bése and Gryphaea mucronata 
Gabb occur both above and below the Grayson- 
Buda contact. Other fossils found near the top 
ofthe Grayson section on Gray Hill are Enna- 
laster texanus (Roemer) and a Gryphaea similar 
to G. washitaensis. 

STRATIGRAPHIC RELATIONS: Although the 
two formations differ markedly lithologically, 
w indication of unconformable relationships 
vetween the Grayson and the Devils River 
vas noted. There is a thin transition zone in 
vhich the almost pure limestone of the Devils 
River grades upward into impure, marly, 
nodular limestone, and this grades into typical 
Grayson marly facies. The presence of Turri- 
lies brazoensis Roemer in both upper Devils 
River and lower Grayson adds support to 
the evidence for a conformable contact. 

Possible bore-holes and the oyster shell 
‘quina near the top of the Grayson suggest 
‘submarine break in sedimentation at the end 
f Grayson time. 


Composite section of Comanche Cretaceous 
measured on Gray Hill from south to north 
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and beginning east of north-south fence line 


Thickness 
Feet 


Gulf Cretaceous 

Boquillas flags— 

11. Hard, gray to rusty red, thin-bedded and 
banded lower Boquillas flags of impure 
silty limestone with gritty feel. Flags 
weather to angular fragments. Thick 
growth of lechuguilla................. 








Disconformity 


Comanche Cretaceous 

Buda limestone— 

10. Hard, creamy white to light-gray, un- 
evenly bedded, relatively pure porcel- 
laneous and brecciated limestone. De- 
crease in bed thickness from base to top. 
Uppermost strata 1.5-0.5 foot thick. 
Thin marly breaks and _ irregular 








Grayson marl— 

9. Friable, yellow-green-gray, laminated to 
massive calcareous shales and clays. 
Several thin rusty silt beds, up to 2 inches 
thick, near base. Thin beds of impure 
rusty brown limestone plus innumerable 
Haplostiche texana (Conrad) in upper 
section. Hard, rusty yellow-gray coquina 
bed 2.5-3 inches thick, including speci- 
mens of Exogyra and Gryphaea, 1 foot 
below Buda contact. Internal molds of 
bore-holes (?) in top few inches........ 


Devils River limestone— 

8. Resistant, gray to white limestone. 
Most of lower beds 1-2 feet thick with 
tendency toward more irregular bedding, 
lighter color, and nodular weathering up- 
ward. Pecten spp., Kingena wacoensis 
Roemer, and _ snail-like gastropods 
CONE Fos. ES Lee B 


7. Two very hard limestone beds, each 1 
foot thick, mark top of vertical cliff- 
en eee eae ae 


6. Lithologically similar to unit below ex- 
cept cavernous, less honeycombed, and 
generally fewer fossils. Well-developed 
karren and fossil agglomerate mark top 
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of this massive section. Chert zone with 
nodules up to 8 inches in diameter 18 
feet above base of unit. Ocotillo and 
creosote bush common 


. Very hard, light-gray to brownish-gray, 
massively bedded, somewhat honey- 
combed limestone. Highly fossiliferous: 
silicified rudistids and a few Pecten 


. Very hard, light-gray to brownish-gray, 
very massively bedded, slightly honey- 
combed limestone. Two rather indis- 
tinct horizons marked by gray to rusty 
brown chert nodules up to 1.5 feet in 
diameter occur 4 and 6 feet above base 
of interval. Silicified fossils and more pro- 
nounced honeycombing in upper 9 feet. 


. Partly covered, very hard, gray, mas- 
sively bedded limestone with karren and 
cracked weathering. Silicified fossils.... 30 


2. Slope-covered interval of Devils River. . 
1.? East-west road in valley flat. 
Total upper Devils River exposed. . 


Buda limestone-——Vaughan (1900, p. 18) 
substituted the name Buda limestone for the 
preoccupied Shoal Creek limestone as defined 
by Hill in 1889. At the type locality along Shoal 
Creek in Austin, Texas, the formation consists 
of hard, white to yellow, unevenly bedded, 
nodular limestone which oxidizes to darker 
yellowish or pinkish shades because of its 
glauconite content. The Buda, named after a 
hamlet in Hays County, is the top formation 
of the Comanche series. At Austin, where its 
thickness is 45 feet, the Buda overlies the Del 
Rio clay and underlies the Eagle Ford shale. 

Ourcrop: The Buda limestone occurs at the 
same five localities listed for the Grayson 
marl: the Solitario (SW), Panther Mountain 
(SC), Packsaddle Mountain (SE), Gray Hill 
(SE), and east of the Old Stage Stand (NE). 
In each place the more resistant Buda caps the 
soft Grayson and thereby forms a cuesta or 
hogback. Precipitous Buda cliffs are common. 

Because of the more rapid erosion of the 
underlying Grayson marl, the base of the 
Buda characteristically projects as overhanging 


ledges from which huge rectangular blocks, th 
result of almost right-angle jointing, becom 
dislodged and come to rest on the more gent) 
sloping Grayson surface. The gaping anguly 
vacancies in the basal Buda plus correspondiy 
cubical limestone blocks lying several {ex 
below form a pattern that makes this conta 
identifiable even at great distances. 

THICKNESS AND LITHOLOGY: The Buda lim 
stone at Gray Hill is 69 feet thick. The x. 
tion consists of hard, creamy white limestoy 
that weathers to light gray. Irregular bedding 
accounts for the numerous nodules found » 
slope material, but a greater percentage of th 
float rock consists of angular fragments. Fresh 
outcrops of the limestone appear brecciated, 
and the disintegration of the brecciated rock 
masses presumably accounts for many of th 
angular pieces. 

Thicker and somewhat massive beds, which 
exhibit the irregular bedding within the 
selves, occur in the lower part of the Buda se- 
tion; but, in the upper portion, bed thicknes 
decreases to 1.5-0.5 foot. Some marl is as» 
ciated with the thinner and more unevenly 
bedded strata. The thicker beds contain littl 
marl and are, according to Adkins (19%), 
p. 397), “a compact, fine grained ‘porcell: 
neous’ facies...a dense, light-colored lim 
stone with pronounced conchoidal fracture” 
He further describes the more dense phases # 
“semi-lithographic’”’. 

Lechuguilla grows on the Buda limestone; 
and, where slopes are not excessively steep, 4 
brush band follows the base. This band stand 
out rather conspicuously, for vegetation & 
generally scarce. 

Fosstits: Good identifiable fossils in the 
Buda are relatively rare, and few were obtained 
in place. Most specimens were collected 
slopes and cannot be assigned to any definite 
vertical position. A tentative identification d 
the fossils found on the west flank of Gny 
Hill follows: 


Corals— 

Cladophyllia? 

Solitary hexacoral 
Echinoidea— 

Hemiaster calvini Clark 
Pelecypoda— 

Pecten (Neithea) subalpina Bése 
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Peclen sp. 

Internal mold of a pelecypod 

Gryphaea mucronata Gabb 

Exogyra clarki Shattuck 

Gastropoda— 

Turritella budaensis Shattuck 

Pleurotomaria stantoni Shattuck 

Several other unidentifiable gastropods 

Budaiceras sp. 

Turrilites sp. 

Fragment of an ammonite, probably 8-10 
inches in diameter, with large straight ribs 
and prominent offset tubercles 

STRATIGRAPHIC RELATIONS: The Grayson- 
Buda contact is sharp and apparently con- 
formable, yet certain evidence suggests a hi- 
atus at the top of the Grayson marl. Preserved 
in basal Buda limestone are possible internal 
molds of bore-holes up to 2 inches in diameter. 
The top of the Grayson appears to have been 
riddled with compound bore-holes before the 
deposition of the Buda, for the fucoidlike molds 
are crowded and intersecting. The Buda mate- 
rial that filled the tubes is clastic limestone 
with many shell fragments, some quite large. 
If these sedimentary features are true bore- 
holes, they are the horizontal variety, for none 
was found that projects more than a few inches 
down into the Grayson. That the casts are 
elliptical in cross section with the long axis 
parallel to the bedding suggests some settling 
after the tubes were made. Huge overturned 
blocks of fossiliferous basal Buda afford good 
exposures of the fucoidal bore-hole fillings. 

There is no evidence for a disconformity at 
this contact in central Texas. If west Texas 
experienced a break in sedimentation, probably 
the hiatus represents only a submarine diastem. 

A definite break occurs at the top of the 
Buda, for everywhere the contact with the 
overlying Boquillas flags is decidedly sharp. 
According to F. L. Whitney (personal com- 
munication): “So far as is really known, no 
species of the Comanche occurs in the Gulf.” 
The abrupt lithological change at this contact 
plus the gentle undulations of the top of the 
Buda suggest a disconformity. 


Gulf Series 


Tentative correlation—The following tenta- 
tive and generalized regional correlations in- 
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troduce the Gulf series stratigraphy of the 
Agua Fria quadrangle: 


Central Texas 


Agua Fria area 


Upper Boquillas-Terlingua unit (= 


Lower Boquillas-Terlingua unit (= 


Because of gradational contacts, insufficiently 
detailed paleontological work in the Trans- 
Pecos region, and vague definitions of forma- 
tional boundaries, the Gulf series of the area 
presents many stratigraphic problems. The 
most critical problem arises in the Boquillas- 
Terlingua sequence. 

The Boquillas-Terlingua Problem—Udden 
(1907b, p. 29-33) applied the name Bogquillas 
flags to the basal formation of the Gulf series 
which, in the Chisos country, immediately 
overlies the Buda limestone and grades into 
the overlying Terlingua beds. The flaggy lime- 
stone strata he described are fossiliferous, thin 
bedded, sandy in places, have closely spaced 
joints, and are separated by delicate seams 
which may not appear on freshly exposed sur- 
faces. A chalky texture characterizes the upper 
100 feet of his Boquillas formation. The rocks 
are ordinarily cream grayish-white, but faint 
ferruginous red stains occur, and in some areas 
certain ledges are dark and almost black on 
fresh fractures. Udden gave a thickness of 
585 feet to this western equivalent of the Eagle 
Ford shales. The type locality is in the vicinity 
of Boquillas [Hot Springs?] post office on Tor- 
nillo Creek in the Chisos Mountains quad- 
rangle, Brewster County, Texas, about 40 miles 
southeast of the Agua Fria quadrangle. 

Udden (1907b, p. 33-41) applied the name 
Terlingua beds to the yellowish-white, in- 
durated, stratified chalk that gradually changes 
upward to an impure gray marl, which becomes 
less and less calcareous until it is a true clay. 
The uppermost clays contain some thin layers 
of concretionary limestone and calcareous 
sandstone. Both lower and upper Terlingua 
contacts are gradational. The formation rests 
on the Boquillas flags, and the Aguja sandstone 
overlies it. Udden correlated the Terlingua 
with the Austin chalk and Taylor marl of the 
central part of the State. He assigned a thick- 
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ness of 1250 feet to these beds and named them 
for exposures along Terlingua Creek in the 
Terlingua quadrangle, Brewster County, Texas. 

Several new terms, though undefined at this 
point, are introduced in Figure 2. The problem, 
stated briefly, is: The Boquillas-Terlingua con- 
tact lies somewhere within the 300 feet of 
gradational strata between the “Crioceras’’ 
zone and the Imoceramus undulato-plicatus 
zone. The “Crioceras” zone is the uppermost 
clearly recognizable: fossil zone with presently 
known unquestionable Eagle Ford fossils. The 
Inoceramus undulato-plicatus zone is the lower- 
most clearly recognizable fossil zone with 
presently known unquestionable Austin fossils. 

Analysis of Udden’s several definitions of 
the Boquillas and Terlingua led to the conclu- 
sion that the Fizzle Flat lentil of the Agua Fria 
area (Fig. 2) occupies a stratigraphic position 
fairly close to his intended Boquillas-Ter- 
lingua boundary. To avoid adding further to 
the confusion partly caused by the inexact 
nature of Udden’s definitions, no attempt was 
made to show either the Boquillas formation 
or the Terlingua formation as such on the 
geologic map (Pl. 1). Instead, the Boquillas- 
Terlingua section was considered an entity, 
and a lower Boquillas-Terlingua unit (= Bo- 
quillas +) and an upper Boquillas-Terlingua 
unit (= Terlingua +) were mapped. In the 
300 feet of strata between the “Crioceras’’ zone 
and the Inoceramus undulato-plicatus zone, 
the contact between the top of the Avustini- 
ceras? ledge and the base of the Fizzle Flat 
lentil (Fig. 2) is the most easily recognized one 
over the area as a whole. Consequently the 
base of the lentil was arbitrarily selected as the 
boundary between the lower Boquillas-Ter- 
lingua unit and the upper Boquillas-Terlingua 
unit. 

Lower Boquillas-Terlingua unit.—Limestone 
flags of the lower Boquillas-Terlingua unit 
(= Udden’s Boquillas +) form the most 
widespread rock outcrops in the Agua Fria 
quadrangle. Exposures in the northeast por- 
tion of the area consist almost exclusively of 
this unit. Extensive outcrops also occur in the 
southern part of the area, where positive struc- 
tures produce isolated patches of the flaggy 
strata surrounded by late Gulf and Tertiary 
beds. 

THICKNESS AND LITHOLOGY: A continuous 
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section of the lower Boquillas-Terlingua yi 
could not be found within the quadrangh 
However, the sequence from the top of th 
Buda through the “Crioceras’”’ zone is wel 
exposed in the canyon walls of Terlingua Cred 
at the south boundary of the area. The on) 
interruptions in this section are a dike 12 fex 
wide and a sill 50 feet thick. Vertical dif 
practically prohibited the collection of fossik 
from the lower 100 feet of this section. 

The middle or critical portion of the Bo 
quillas-Terlingua unit, from the “Criocera’ 
zone through the Inoceramus undulato-plicaly 
zone, is well exposed and quite accessible along 
the west bank of Terlingua Creek from th 
mouth of Alamo de Cesario Creek upstream 
for a distance of half a mile (Pl. 2, fig. 1). This 
locality is at the western extremity of Hal 
Dome (SC). 

The lower Boquillas-Terlingua unit can kk 
conveniently divided into three _lithologi 
units. These, with approximate thicknesses, ar: 


Upper shaly member 
Middle terraced member 
Lower nodular member 


LOWER NODULAR MEMBER: This membe, 
slightly over 210 feet thick, contains hard, 
irregularly shaped calcareous concretions ani 
nodules. The basal several feet are variable i 
color; shades of red, brown, yellow, and gry 
are common. There is also considerable lithe 
logical variation. A bed of brownish, indurated, 
limonitic sandstone, 2 to 3 inches thick, rests 
on the gently undulating surface of the Buta 
limestone. Above this, thin and _ irregularly 
bedded, impure, sandy limestone flags alter 
nate with 1-inch seams of bentonite, silt, 
fine-grained sandstone. These lower banded 
flags, 1-3 inches thick, appear laminated 
Chert is found in some of the lower beds, and 
fat, disc-shaped calcareous concretions at 
locally abundant. Sandstone and _ especially 
silty shale increase in percentage upward fro 
the basal heterogeneous beds so that the net 
100 feet is predominantly rusty brown to dul: 
gray silty and sandy shale. The shale includes 
more resistant limestone beds, up to 4 inché 
thick, that occur at intervals of 4 or 5 fet 
Most of the limestone beds contain smél 
limonite nodules. 
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Mnoceromus undulato-plicotus zone 


tnoceramus sp. (with stroight ribs) 
Fizzle Flot lentil 
Austiniceras? \edge 


"“Crioceras” zone 


Sill, SO feet thick 


Ficure 2.—CorrELATION oF GuLF SERIES IN AGUA FRIA QUADRANGLE 


In the upper 100 feet of the lower nodular 
member, medium dark-gray, silty to fine- 
grained sandy shale alternates with impure, 
Cream-gray limestone beds that average a foot 


in thickness, weather to thin plates, and be- 
come more cream-colored upward. Nodules 
are present both in the shale and as more in- 
durated portions of the limestone beds. This 
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section weathers into vertical cliffs and isolated 
topographic forms that resemble stacks or 
chimneys. 

MIDDLE TERRACED MEMBER: This unit, more 
than 200 feet thick, consists of limestone ledges 
0.5-1.5 feet thick that alternate with cal- 
careous shale intervals with an average thick- 
ness of 3 feet. The alternating hard and soft 
strata produce erosional terraces, the out- 
standing characteristic of this member. The 
terraces are especially well developed along the 
Alpine-Terlingua road north of the Hale Cabin 
fault (NE). The more resistant beds average 
1 foot thick, and are hard, cream to yellowish- 
brown, gritty limestone that weathers to thin 
shale-like laminae. The intervening calcareous 
shales are indurated, creamy yellow, and silty. 

The resistant limestone at the top of this 
member forms a dip-slope along the south 
margin of Half Dome (SC). So prominent is this 
erosional terrace that the middle terraced 
member and the upper shaly member can be 
distinguished even with a 50-foot topographic 
contour interval. The 4-foot thick “Crioceras” 
zone, one of the most important lithologic and 
paleontologic markers in the entire Gulf 
series, occurs 50 feet below the top of this 
member. The zone consists of hard, brown, 
thin-bedded, sandy limestone with limonitic 
nodules, white calcite veins, and a distinctive 
fauna. 

Rare color banding is present in the lower 
portion of this section in the southwestern part 
of the quadrangle. The color bands, which 
parallel the bedding planes and average 0.2 
inch in thickness, are red, yellow, and white. 

UprER SHALY MEMBER: The top of this 
member has been chosen arbitrarily as the top 
of a resistant limestone bed referred to as the 
Austiniceras? ledge, which produces the dip- 
slopes of many cuestas and hogbacks. At most 
places the ledge is fairly heavily covered with 
scrubby vegetation, which contrasts with the 
overlying vegetation-barren Fizzle Flat lentil. 
The topography above and below the ledge is 
decidedly different. In the Fizzle Flat lentil 
above, a more rounded, curvaceous, gentle, 
low, and subdued topography prevails; the 
relief below is harsh and angular with plunge 
basins and canyons. 

The Austiniceras? ledge is a hard, creamy 
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yellow to yellowish-brown, silty to fine-graing 
sandy limestone, one-half to 1 foot thick, thy 
contains abundant Ostrea congesta Conrad » 
its upper surface. Enough detrital silica ; 
present in this stratum to give it a flintlik 
odor when struck with a hammer. 

The 100 feet of section below the Ausj. 
niceras? ledge consists predominantly of ip. 
durated, creamy yellow to gray, silty calcareoy 
shale that weathers to biscuit-shaped nodule, 
Much of the very thin platy material found in 
this section is derived from thin silty limeston 
beds of irregular vertical distribution. Lim 
content increases upward, and more resistant 
beds of impure limestone appear in the upper 
40 feet of the section. 


Section of upper portion of lower Boquillu- 
Terlingua unit (= upper Boquillast:) measud 
within half a mile up Terlingua Creek from poin 
near mouth of Alamo de Cesario Creek. 


Pea 
Upper Boquillas-Terlingua unit— 

6. Fizzle Flat lentil: Indurated to hard, 
creamy yellow, platy, impure silty lime 
stone that breaks down into small angu- 
lar fragments of almost uniform siz 
(up to 2 inches square). Brown clastic 
dikes and white calcite dikes common. 
Almost completely barren of vegeta- 
tion. Blinding glare in bright sunlight. 
Small Inoceramus with alternating large 
and small concentric undulations and 
medium-sized Imnoceramus with large 
concentric undulations. ............++ 4 


Lower Boquillas-Terlingua unit— 
(Top of upper shaly member) 

5. Indurated, creamy-yellow to gray, 
laminated to platy, silty, calcareous 
shale. Platy material mostly thin silty 
limestone beds of irregular vertical 
distribution. Shale weathers to biscuit- 
shaped nodules. CaCO; percentage in- 
creases upward. Prominent, impure, 
platy, and silty limestone ledges con- 
taining large inocerami in upper 40 
feet. Topmost thick, resistant, over- 
hanging limestone bed (the Austini- 
ceras? ledge) characterized by abun- 
dance of Osirea congesta Conrad, a few 
cart-wheel ammonites, and large 
inocerami. Bed forms vegetation- 
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covered dip-slopes; plunge basins 
and canyons develop in underlying 


(Top of middle terraced member) 


_ Similar to unit 2. A dirty brown bed 
with Inoceramus labiatus? Schlotheim 
and a medium-sized Inoceramus with 
large concentric undulations occurs 
184 feet above “Crioceras” zone. Top 
of this unit forms dip-slopes and 


. “Crioceras” zone: Alternating hard, 
dirty brown to gray-brown limestone 
beds of 4 inches average thickness 
and indurated, brownish-gray, lam- 
inated to platy, calcareous, silty shale 
with very thin and irregular lenses of 
impure limestone. Baculites gracilis? 
Shumard, “‘Crioceras” sp., Scaphites?, 
a small Inoceramus with large con- 
centric undulations, and a _ small 


. Hard, creamy yellow, 1-foot thick 
limestone beds alternate with in- 
durated, creamy yellow, laminated 
calcareous shale that becomes some- 
what silty upward and increases in 
thickness at expense of limestone 


1. Northwest-southeast fault. 


101.5 


Section of lower Boquillas beginning on west 


bank of Terlingua Creek just outside south 
boundary of quadrangle and extending 
northward toward Hill 3450 

Boquillas flags— 

10. “Crioceras”’ zone: Hard, rusty brown 
to brown, evenly bedded and banded 
impure sandy limestone with numer- 
ous small limonitic nodules. Fossils: 
“Crioceras,” Scaphites, Baculites gra- 
cilis? Shumard 


. Hard, cream-colored limestone beds, 
1+ foot thick, alternating with shale 
beds 3 to 4 feet thick. Erosional ter- 
Taces produce step-like slopes. Section 
is light-gray creamy yellow 


8, Limestones and shales turned black by 
contact metamorphism 
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7. Badly altered, dark greenish-gray to 


black, analcime microsyenogabbro? 
sill of variable thickness 


(Top? of lower nodular member) 


. Alternating, dark-gray, silty to fine- 


grained sandy shales and 1-foot thick 
impure cream-gray limestone beds. 
Numerous calcareous nodules in shales 
and as more indurated portions of 
limestone beds. Chimney weathering. 
One large pseudoceratite found about 
middle of interval. Limestones be- 
come more cream-colored upward. 
At top, limestone and shale meta- 
morphosed, banded, and weathered 
into thin plates 


. Dark-gray to black shale zone at mid- 


dle of which is a 1-foot bed of whitish, 
impure limestone that weathers into 


. Similar to unit 2. Sandstone and 


silty shale increase at expense of lime- 
stone beds so that section is predomi- 
nantly rusty brown to dull-gray silty 
and sandy shales with prominent hard 
limestone beds, 3 to 4 inches thick, at 
intervals of 4 or 5 feet. Some limestone 
ledges are continuous and evenly bed- 
ded; others are lenticular; all contain 
small limonite nodules. Hard cal- 
careous nodules and concretions com- 
mon. Bentonitic beds, up to 2 inches 
thick, rare. Vertical cliff 


. Bentonite layer 


. Hard, . grayish-brown, somewhat ir- 


regularly thin-bedded, flaggy, sandy, 
banded, impure limestone alternating 
with seams (average thickness, 1 inch) 
of bentonite, silt, or fine sandstone. 
Small, unidentified ammonite, 1+ 
inch in average diameter, resembles 
Scaphites. Brownish, indurated, limo- 
nitic sandstone in basal 2 or 3 inches. 
Disconformity 








Buda limestone— 


1. 


Top of hard, white, porcellanous, ir- 
regularly bedded, nodular limestone 
with very gently undulating surface. 
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Certain special features are peculiar to the 
lower Boquillas-Terlingua unit at Red Bluff, 
where unquestionable Boquillas directly over- 
lies an intrusive, and the flags are jet-black for 
a distance of 40 to 50 feet above the contact. 
Only slight metamorphic effects were observed 
near other intrusions, and it seems improbable 
that so thick a section of dark-colored lime- 
stones resulted solely from contact metamor- 
phism. Udden (1907b, p. 31) says that in some 
areas certain ledges of the Boquillas are dark 
and almost black on fresh fractures. Perhaps 
the dark beds occur at Red Bluff by mere 
coincidence. 

Close examination of the black flags reveals 
that mineralization has taken place high above 
the igneous-sedimentary contact, because the 
black rock has a higher density than ordinary 
Boquillas limestone. Certain strata contain 
peculiar, almost spherical epigenetic concretions 
that resemble algal structures and through 
which bedding planes extend. The sedimentary 
structures average 0.4 inch in diameter and 
consist of thin, siliceous shells, inside which 
the composition apparently approaches the 
normal Boquillas lithologic character. Slightly 
darker nuclei are present in some of the con- 
cretions, but the limestone outside the shells is 
black and more highly mineralized. 

Although the supposed concretions are epi- 
genetic, probably they were in existence before 
the Red Bluff intrusion. At the time the 
magma was injected, mineralization seems to 
have taken place in those portions of the lime- 
stone unprotected by the siliceous shells, 
Apparently the interiors of the concretions were 
largely shielded from such mineralization. 

Many of the beds in this area have strong 
petroliferous and sulfurous odors. Perhaps 
much of the darker color is due to carbonaceous 
material. At the lower contact of the sill on the 
south flank of Red Bluff, much of the originally 
black material appears to have been driven 
off by heat. 

These hard black limestones, like the normal 
Boquillas beds, weather to angular fragments. 
Some ledges are so brittle that they shatter 
easily when struck with a hammer. 

Reddish patches are common in the Boquillas 
on the northeast flank of the Solitario (SW). 
Because these are near intrusive masses, it is 
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assumed that they resulted from igneous y, 

tivity and indicate mineralization. 
Fossits: The lower Boquillas-Terlingua wit 

is generally quite fossiliferous; pelecypods aii 


ammonites are most abundant. Poor presen i . 


tion, due largely to fragility of the origing 
shell material, frequently makes accunp 
determinations of species, and even genen 
impossible. This applies particularly to seve 
species of Inoceramus, which are presey 


throughout the flaggy unit. The fauna is umf .. 


marized from base to top. 

Inoceramus labiatus Schlotheim is the mg 
common fossil in the lower Boquillas-Terlingy 
and apparently ranges throughout the entir 
unit. 

A small, unidentified ammonite, 1+ ing 
in average diameter, which resembles Scaphile 
occurs 6 feet above the Buda contact. 

A large pseudoceratite with only one smi 
secondary saddle in the first lateral lobe ws 
found about 50 feet below the top of the lori. 
nodular member. 

Twenty-five feet below the base of the “Crie 
ceras” zone is a small, elliptical, ribbed Inae- 
amus (length, 1} inches; height, 1 inch). t 
this specimen, the concentric undulations x. 
very fine and numerous, and the radiating ris 
are comparatively coarse. 

The hard, brown, sandy limestone bed 
which make up the 4-foot “Crioceras” um 
contain several genera and species, and pratt: 
cally all specimens are filled with clear calatt 
crystals. These fossils, in order of decreasiy 
abundance, are: 


“Crioceras’’ sp. 

Baculites gracilis Shumard 

Scaphites sp. 

Inoceramus labiatus Schlotheim 
Inoceramus sp. (3+ inches in diameter) 
Acanthoceras? 


A Prionotropis woolgari? (Mantell), 9 incé 
in diameter, was found in the bed of a «tt# 
2 miles west of Dewees Tank (NE). The strat 
graphic position is near the top of the midé 
terraced member. 

Several genera and species are found in 
Austiniceras? ledge, a white, chalky limes 
bed about 4 feet in average thickness. The led 
is named from one poorly preserved cart- 
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nmonite which Adkins has seen and believes 
; Austiniceras, a Turonian form. The speci- 
men, an internal mold, is a thin, evolute, sharp- 

sled ammoniticone, 28 inches in diameter, 
ith an imperfectly preserved, complicated 

ture. The form consists of four whorls; the 
maximum width of the living chamber is 2.5 
aches, and its height is 1 foot. Gayle Scott 

1926, p. 100) stated: “At the top [of the Eagle 
Ford], one finds... some carinate ammonites 
vhich, up to the present, have not been de- 
scribed... .”’? Adkins (1933, p. 431) wrote that 
he Boquillas flagstones “... contain near the 
top Scaphites, Prionotropis, a three-foot am- 
monite, Inoceramus cf. labiatus and other 
fossils... .”? Perhaps Scott and Adkins referred 
to some such Austiniceras? form. If so, this 
suggests that the Boquillas-Terlingua contact 
isat the top of or somewhere above the Austi- 
niceras? ledge. 

Ostrea congesta (Conrad) Hall, although hav- 
ing a much greater vertical range, is char- 
acteristic of the Austiniceras? ledge. The upper 
surface of the bed is normally completely 
covered with these small oysters. 


A poorly preserved ammonite, about 1 foot 
in diameter, is possibly a compressed Priono- 
opis eaglensis Adkins. Other smaller am- 
monites, 2 to 3 inches in diameter, were also 
noted in this ledge. 

Several species of Imoceramus occur in the 


Austiniceras? ledge. One is Imnoceramus 
labiatus? Schictheim. Another larger form 
averages a foot across and has large concentric 
undulations on which fine rugae are super- 
imposed. Possibly the ribbed species of Ino- 
ceramus collected by Stephenson from the top 
of the Fizzle Flat lentil occurs in this ledge. 
Aspecies of Inoceramus, which may be.new, 
was found at the top of the Avstiniceras? 
ledge. The internal molds range up to 1+ foot 
across but are ordinarily about the size of a 
person’s hand. The over-all shape is that of a 


~. fan, and the angle at the terminal beak is acute. 


The concentric undulations are diagnostic; 
most are highly raised and fairly sharp, but a 
few are low and well-rounded. Radiating from 
a the beak toward the ventral margin of the shell 

fora little more than a third of the distance are 
several fairly well-developed ribs, which are 
teither as prominent nor as distinct as the un- 
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dulations. This ribbed specimen is similar to 
but may not be the same as the species found 
by Stephenson at the top of the Fizzle Flat 
lentil. 

Collected at random from Boquillas outcrops 
in the southwest part of the area were Inocer- 
amus labiatus Schlotheim; a thin, discoidal 
ammonite, 2} inches in diameter, which may 
be Placenticeras; and a very small, evolute 
ammonite, half an inch in diameter, which 
consists of five whorls ornamented by nu- 
merous strong ribs. 

STRATIGRAPHIC RELATIONS: Contact of the 
Boquillas with the underlying Buda limestone 
offers no problem, for a clear-cut break sepa- 
rates these two formations of different com- 
position. The question always arises, however, 
as to whether this contact is disconformable. 
The gently undulating upper surface of the 
Buda, the sharp change in lithology, and the 
sandy basal few feet of the Boquillas suggest a 
hiatus. Perhaps the only erosion that took place 
at the close of Buda time was that caused by 
submarine currents, but there was certainly a 
break in sedimentation. Fossil evidence sup- 
ports this conclusion, for Comanche and Gulf 
species are not found above and below the 
contact, respectively. 

The Boquillas and the overlying Terlingua 
intergrade. 

Upper Boquillas-Terlingua unit.—The upper 
Boquillas-Terlingua unit crops out extensively 
in the central portion of the south half of the 
mapped area. Owing to faults and talus slopes, 
a complete section suitable for measurement 
could not be found. The described section is 
compiled from measurements made from fossil 
zone to fossil zone at different localities. 

The best and most accessible exposures of 
the lower part of the section, including the 
debated Boquillas-Terlingua contact, are in 
the Fizzle Flat fault block west, south, and 
southeast of Clanton ranch (C). 

Fair exposures of the upper part of the upper 
Boquillas-Terlingua unit occur east of Agua 
Fria Mountain; talus is a problem, but the 
uppermost beds are not seriously interrupted 
by faults. 

The map shows a complete upper Boquillas- 
Terlingua section southwest of north Pitahaya 
Hill (SC). This section is suitable for a detailed 





164 


study of the lower beds; but it seems that con- 
cealed faulting, perhaps with a northwest- 
southeast trend, has disturbed the Terlingua 
beds just below the Aguja. These unfavorable 
conditions discouraged the measurement of a 
section here. 

THICKNESS AND LITHOLOGY: The upper 
Bogquillas-Terlingua unit is a good example of 
vertical lithologic gradation. Yet sufficient 
difference permits the recognition of three 
lithostratigraphic units. The tops of two bio- 
stratigraphic zones provide convenient markers 
in the section and are the basis for the divisions 
shown in Figure 2. 

LOWER CHALKY SHALE MEMBER: The transi- 
tional Fizzle Flat lentil might be considered a 
lithic average of the Boquillas and Terlingua 
formations; still it has a distinctive character 
that makes it a recognizable rock unit (Pl. 2, 
fig. 2). The lentil is yellowish, and its lithic 
composition is similar to that of the underlying 
Boquillas flags. Yet laminae, biscuit-shaped 
nodular weathering, gray color on fresh sur- 
faces, scarcity of fossils, lack of vegetation, and 
gentle slopes suggest the overlying Terlingua 
shale. The relatively sharp contact of the Fizzle 
Flat lentil with the underlying Avustiniceras? 
ledge and the several common properties of the 
lentil and the Terlingua favor the inclusion of 
the 50-foot lentil as the base of the upper 
Boquillas-Terlingua unit. The upper contact 
of the lentil with the overlying gray shale is 
gradational within a few feet. This contact is 
clearly exposed just southwest of the Cheosa 
Waterhole fault scarp on the road leading west- 
ward toward Cheosa Waterhole (C) from the 
Alpine and Terlingua road. Specimens of 
Stephenson’s Inoceramus sp. (with straight 
radiating ribs) were collected from the top of 
the lentil at this locality. 

Approximately 90 feet of gray, relatively 
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unfossiliferous, calcareous shale lies betw, 
the Fizzle Flat lentil and the Jnoceramys » 
dulato-plicatus zone. This shale weather , 
biscuit-shaped nodules on steep slopes. 

Thin beds of hard, white, chalky limestoy 
appear in the gray shale section some 60 {x 
above the top of the lentil, and they becom 
more abundant upward toward the Inoceramy 
undulato-plicatus zone. These chalk beds om. 
tain few fossils, are nodular, highly jointed 
and average 6 inches in thickness. The alte. 
nating gray and white beds characterize tly 
30 feet of section below the IJmoceramus w 
dulato-plicatus zone. 

The Inoceramus undulato-plicatus zone ws 
chosen as the top of the lower chalky shk 
member, because it is everywhere a recognir 
able lithologic and paleontologic marker, In 
places the zone attains a thickness of 12 fet. 
It consists of very fossiliferous, hard, light 
creamy yellow-gray, unevenly bedded, nodulu, 
silty limestone ledges and silty shale. So om- 
sistently do the ledges hold up dip-slopes that 
the resulting cuestas and hogbacks are easly 
recognized even on small-scale aerial photo 
graphs. 

The total thickness of the lower chalky shat 
member is about 150 feet. 


Section of the lower portion of the upper 
Boquillas-Terlingua unit measured in 
the Blue Hills area 1 mile south- 
southwest of Clanton ranch 
Thicknes 
Feet 
Upper Boquillas-Terlingua unit— 

10. Inoceramus wundulato-plicatus zone: 
Over-all color is light creamy yellow- 
gray. Basal 1 foot is a hard limestone 
bed; next is a 1-foot section of irregu- 
larly bedded, nodular, silty limestone; 
then 4 feet of silty shales; and the up- 





PLATE 2.—BOQUILLAS-TERLINGUA SEQUENCE 


Ficure 1. Lower Boguirtas-TerLincua Unit 

Middle terraced member in foreground, upper shaly member in cliff in background. On Terlingua Cret 

upstream from mouth of Alamo de Cesario Creek. (Photograph by R. B. Davis.) 
Ficure 2. Frery-Foor Fizzie Frat LENTIL, PRACTICALLY BARREN OF VEGETATION 

Flat-lying Boquillas flags in Cheosa Waterhole fault scarp in background. Looking eastward towatl 

Nine Point Mesa on horizon. (Photograph by R. B. Davis.) 
Ficure 3. West FLANK OF PANTHER MovunrtTAIN, A Trap-Door Dome 

Lighter-colored Boquillas-Terlingua beds dragged up along darker vertical wall of rhyolitic intrusa 

Roof rock on skyline is upper Devils River limestone. (Photograph by R. B. Davis.) 
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permost foot is a nodular, impure, 
silty limestone with numerous [no- 
ceramus wundulato-plicatus Roemer. 
These limestone ledges produce dip- 
slopes characterized by creosote bush 
NINE 2 «62 haieid eed s 100 Semitic 0:0 


Gray shale section: at some horizons 
calcareous enough and _ sufficiently 
indurated to form zones of large, 
jointed, nodular, fossiliferous, con- 
cretionary masses or individual thin 
beds of shaly, chalky limestone. In- 
terval becomes sandy (fine-grained) 
and yellowish in uppermost 5 feet... . . 


Hard, glaring white limestone bed; 
weathers to odd-shaped, nodular con- 
cretionary masses. Highly complex 
pattern of closely spaced joints; ledge 
disintegrates into small angular frag- 
ments. Some limonitic stain, especially 
SP. 5-o ce cassceasd tae viene 


. Shale similar to unit §.............. 


. Bed of hard to indurated, glaring 


white, chalky limestone. Very intri- 
eat tle tae le Raa he 


. Indurated to friable, gray, laminated, 


calcareous shale. Very thin bentonitic 
seam about 10 feet from top of interval. 
Uppermost 5 feet somewhat silty 
and has a slightly yellowish tinge. 
Almost vertical brown clastic dikes 
and white calcite dikes. Fresh shales 
are dark gray to black and practically 
IID So. 5 0.6 b:sts0saeonsseascc 


. Fizzle Flat lentil (= “barren” or 


“transition” zone): Indurated to fri- 
able, gray to creamy yellow, lam- 
inated to platy, silty, and chalky shale 
with occasional seams of bentonite 
less than one-fourth inch thick. More 
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6.5 


0.75 


silty and sandy in lower 10 feet and 
increasingly chalky upward. Thin 
chalky plates crackle and crunch when 
walked upon. Everywhere barren of 
vegetation and typically cream-yellow 
(gray in unweathered exposures). Some 
zones exhibit gray biscuit weathering 
similar to that of typical Terlingua. 
Brown clastic dikes common. A pecul- 
iar Inoceramus (species with well- 
developed, straight, radiating ribs 
collected by Stephenson) abundant in 
uppermost part of section. Similar 
forms with less well-developed ribs 
occur throughout the lentil. One hard, 
yellow-brown, nodular limestone with 
Inoceramus cf. labiatus Schlotheim at 
DI ila 4 ss, co mah soap ang esia che ks ao 


Lower Boquillas-Terlingua unit— 
3. Hard, light-brownish, thin, and un- 


evenly bedded, somewhat nodular, 
sandy limestone bed. Osirea congesta 
Conrad abundant and a few poorly 
preserved inocerami................ 


. Austiniceras? ledge: Whitish to brown- 


ish-gray silty shales and thin, irregu- 
larly bedded, nodular, impure silty 
limestone ledges. Same fossils as unit 1, 
plus a thin sharp-keeled, cart-wheel 
ammonite 28 inches in diameter 
(Austiniceras?) and a ribbed Inocer- 


. Top of hard, most resistant, yellowish- 


brown to white, silty limestone ledge, 
about 1 foot thick, near top (?) of 
Boquillas. All fossils poorly preserved; 
Ostrea congesta Conrad attached to a 
large Inoceramus with concentric un- 
dulations and fine rugae, an ammonite 
2 to 3 inches in diameter, Znoceramus 
labiatus? Schlotheim, and part of an 
ammonite 9 to 10 inches in diameter. 






50 





PLATE 3.—TUFFS AND TOPOGRAPHIC FORMS 


Figure 1. WHALEBACK Hit in Turr oF NorTHWESTERN PART OF QUADRANGLE 
(Photograph by R. B. Davis) 


WEAK Beps in Torr 
Ficure 3. UNconrormity WirHIn Bucx Hit Vorcanic SERIES AT WHISTLER SQUAT 


Ficus 2, Grotesque Errects In Devits GRAVEYARD PRropucep By COMBINATIONS OF RESISTANT AND 


Several dark conglomerate lenses occur just above break separating calcareous tuff below from more 
takareous tuff above. 
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MIDDLE SHALE MEMBER: The 90-foot interval 
above the Inoceramus undulato-plicatus zone 
consists essentially of loose to friable, gray, 
laminated calcareous shale that weathers to 
biscuit-shaped nodules. Portions of the shale 
section are silty and weather to a dingy cream- 
gray; Ostrea fragments and Inoceramus prisms 
are randomly distributed. Thin seams of light- 
brown, fine-grained sandstone occur at irregu- 
lar and widely spaced intervals. Disseminated 
gypsum and a small percentage of fine-grained 
sand appear in the shale upward from 50 to 
65 feet above the Imoceramus undulato-pli- 
catus zone, respectively. Those parts of the 
section with a sandy content weather to a 
creamy yellow at most places. 

Some thin, brown sandstone beds about 75 
feet above the Inoceramus undulato-plicatus 
zone are, more correctly, a sandy agglomerate 
of Inoceramus prisms. This larger sized bio- 
clastic material suggests more turbulent waters 
during the time the beds were deposited. 

A 10- to 15-foot sequence of gray calcareous 
shale, which includes a few thin beds of hard, 
pure-white, highly jointed, nodular and con- 
cretionary chalky limestone, is present just 
below the giant Imnoceramus beds. Large 
Texanites are common in the thin chalky 
ledges. This lithologic sequence is similar to 
that just below the Imnoceramus undulato- 
plicatus zone. 

The giant Inoceramus beds, a less obvious 
stratigraphic marker than the Inoceramus un- 
dulato-piicatus zone, occur about 100 feet above 
the latter and are named for an extremely 
large species of Imoceramus that is abundant 
in them. Most of the fossil remains are internal 
molds up to 3 feet across, but very thick prisms 
and massive hinge-line structures are also found. 
The giant Imoceramus section is variable in 
thickness, but 35 feet is probably an average 
figure. Lithologically these chalky fossil beds 
do not everywhere contrast sufficiently with 
the enclosing gray shale to permit reliable 
identification. They do not consistently form 
persistent dip-slopes as do the Inoceramus 
undulato-plicatus zone and the Austiniceras? 
ledge. Where the giant Inoceramus beds crop 
out in a stream valley in which weatherng 
products are kept scoured off, the limestones 
are easily recognized as thick white ledges. On 
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hill slopes, the chalky beds are easily coven/ 
over and discolored by slope wash so that thy 
blend with the gray shales. 

Good outcrops of the prolifically fossjj. 
erous giant Imoceramus and Texanites texan 
beds are found on Terlingua Creek three-quy. 
ters of a mile downstream from the mouth ¢ 
Alamo de Cesario Creek (SC); a mile south ¢ 
and also a mile east-southeast of Whistle 
Squat (SW); and 2 miles east-southeast ( 
Clanton ranch (C). 

A generalized sequence of the beds just unde 
the giant Imoceramus beds 1 mile east-south. 
east of Whistler Squat is: 


6. 14-feet of creamy yellow-gray, impure nodu 
limestone with huge inocerami, Ostrea congess 
Conrad, Texanites, etc. 

5. 2+: inches of purplish Gryphaea agglomerate. 

4. 2 feet of impure silty clays. 

3. Few inches of yellowish gray, thin-bedded, al 

careous sands. 

Yellow to gray clay-shales. 

. 10- to 15-foot sequence of widely spaced, this, 

white, jointed, nodular chalky limestone ledges, 
with Texanites, in a gray calcareous shale. 


- dO 


The giant Inoceramus beds appear to vay 
in hardness from place to place, perhaps di 
to a variation in CaCO; content. The beé 
ordinarily occur as indurated to hard, cream 
colored, fairly thick and unevenly bedded, 
highly fossiliferous, nodular, chalky limestox 
ledges set in gray, calcareous, silty shales. Ths 
section of alternating shales and limestone i 
35+ feet thick, and the topmost ledge ep 
cially is prolific with Texanites texanus (Rot 
mer) Spath. 

The total thickness of the middle shake 
member is approximately 135 feet. 


Partial section of middle? Terlingua beds 
measured on west flank of north 
Pitahaya Hill 
Thickness 
Feet 
Terlingua beds— 

8. Soft and loose to friable, light-gray, 
laminated calcareous shale with dis 
seminated gypsum. Ten feet above base 
of unit is a thin zone from which numet- 
ous fragments of a large Imnoceramus 
weather to form slope material. Shells 

of Ostrea congesta Conrad attached to 
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these Jnoceramus prisms. Shaly material 
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y cover 
that the weathers to creamy yellow where ex- 
: posed as & RR on. cist hin hace 80+- 
: * Dein GE. acassoas ennui» one 1 
ree-qua' 6 Similar to unit 4 plus some limonitic 
mouth ¢ I ae at alos teasi nie occas pitch» am eeariee 8.5 
- south ¢ 
Whistle 5. Hard, light-brown sandstone layer with 
theast ¢ fragmentary inocerami. Weathers easily 
because of nodular character and con- 
ust unde tributes much slope material........... 1.5 
t 
ia 4, Loose to friable, light-gray to gray, 
laminated, calcareous shale. Fragments 
e nodule of Inoceramus and Osirea? shells. Oc- 
a cons casional thin seam of light-brown, fine- 
grained sandstone in lower portion of 
nerate, interval with small amount of bentonite 37 
dded, aiff 5. Indurated, creamy brown, nodular, im- 
pure silty and sandy limestone with 
fragments of large Inoceramus shells.... 1.5 
2. Silty gray shale weathers to a dingy 
cream-gray. Inoceramus fragments... .. 4 
1. Top of Inoceramus undulato-plicatus zone. 
Partial middle Terlingua section measured 
on west bank of Terlingua Creek three- 
quarters of a mile downstream from 
mouth of Alamo de Cesario Creek 
Thickness 
Feet 
Terlingua beds— 
3. Texanites texanus bed: Indurated to 
hard, creamy yellow, irregularly bedded 
and nodular impure marly limestone with 
ES ree 3.5 
2, Friable to indurated, gray, laminated, 
heat calcareous silty shale—weathers to bis- 
cuit-shaped nodules and yellowish color.. 25 
|. Top of resistant, white limestone bed 
bes “J with petroliferous odor and many giant 
ray, Res 4 ° i 
dis artial middle? Terlingua section measured 
base on west bank of Terlingua Creek east 
mer- of Agua Fria Mountain 
ymus Thickness 
hells Feet 





Terlingua beds— 
3. Indurated, creamy yellow, irregularly 
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bedded, nodular impure limestone and 
marl with giant inocerami............. 6 


2. Loose to friable, gray, laminated cal- 
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1. Top of Inoceramus undulato-plicatus 
zone; somewhat sandy. 


UPPER SILTY CLAY MEMBER: The thickness 
of 200 feet assigned to this member, composed 
of soft and easily weathered rocks, is an estimate. 
Gravel-covered slopes, concealed faulting, 
steep and non-uniform dips, and lack of good 
bedding made accurate measurement difficult 
to impossible. 

The upper silty clay member grades into the 
overlying Aguja sandstone. For mapping pur- 
poses, the first true sandstone bed was arbi- 
trarily chosen as the base of the Aguja. By 
definition, then, this member, in the Agua 
Fria quadrangle, consists of those beds lying 
between the base of the lowermost hard, rusty 
brown sandstone bed of the Aguja formation 
and the top of the Texanites texanus bed some 
200 feet below. 

The basal beds of this member are typical 
gray Terlingua shale. A gradation upward 
results in a rusty brown silty marl. Gypsum, 
already noted in the middle member, steadily 
increases in percentage from bottom to top so 
that large plates, which glitter in the sunlight, 
occur in the higher beds. 

Silty clay-shale occurs 50 to 60 feet above 
the middle member, and the section becomes 
still more silty upward. Originally grayish, the 
clay-shale weathers to a dirty yellow. 

Slightly sandy, yellowish, friable to loose 
clay and shale with numerous Gryphaea wratheri 
Stephenson .and very thick prisms and hinge- 
line structures of a large Inoceramus occur 
fairly high in the upper member. 

The thickness of the youngest Terlingua 
section or transitional beds varies with locality 
because of gradation. In places the Terlingua 
is loose, light-brown, massively bedded, bento- 
nitic, fine-grained sandy or silty clay with a 
carpet walk: The swelling of the bentonitic 
clays produces a cushiony effect, which makes 
one feel that he is walking on a plush carpet. 

The transitional beds are highly gypsiferous, 
and large plates of clear gypsum sparkle like 
jewels on some hillsides. A white, crusty efflor- 
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escence appears in many places on the surfaces 
of this dull yellow-gray silty clay. Many large, 
isolated Inoceramus shells are found in the 
transitional beds. Large white calcareous con- 
cretions and septaria, many of which appear 
to be cracked chalky limestone nodules, are 
outstanding features; most are scattered 
throughout the sandy clay section, but some 
occur in definite horizons. 

The upper silty clay member of the upper 
Boquillas-Terlingua unit is exposed northeast 
of Agua Fria Mountain, north of north Pita- 
haya Hill (SE), and half a mile east of Mesquite 
Tank (SW). An estimated 200 feet of the gray 
marly shale and clay lies above the Texanites 
texanus beds east of Agua Fria Mountain, and 
the gradation into the overlying Aguja is 
visible. The best exposure of an almost com- 
plete upper section lies half a mile east of 
Mesquite Tank, but the locality is rather in- 
accessible, and the slopes are almost vertical; 
so a detailed measurement is practically im- 
possible. Approximately 200 feet of faintly 
greenish yellow-brown silty clay, overlain by 
20 to 40 feet of undisputed Aguja sandstone, 
with a wavy unconformity at its top, plus 
15 to 20 feet of basal Tertiary conglomerate 
are excellently exposed. A good and easily 
accessible locality of the Terlingua-Aguja 
transition zone is 1 mile northeast of Clanton 
ranch. 


Section of upper Terlingua beds beginning 

at top of Inoceramus undulato-plicatus 

sone southeast of Hill 3494 (SC) and 

working northeastward toward inlier 
of Aguja 
Thickness 
Feet 
Aguja? sandstone— 

9. Hard, rusty brown bed of fine-grained 


Terlingua beds— 

8. Transition zone with carpet walk. Loose, 
light-brown, massively bedded, highly 
gypsiferous, bentonitic, fine-grained 
sandy or silty clay. White calcareous 
SI. 5's. 6's shits 4's eat hueuhl cigiansiy saat 52 


7. Typical gray shales in basal 50 feet. 
White calcareous concretions appear 55 
feet above base of unit. Section weathers 
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. Covered and 





yellowish upward. Large plates of 
gypsum in upper 50 feet. Base of 20-foot 
zone of scattered, white, jointed, chalky 
concretions occurs 50 feet below top of 
unit. Thirty feet below top, thin beds of 
fine-grained, yellowish-brown to light 
brown sandstone appear. Just above 
lowermost thin sandstone bed is a 2-inch 
bed of white, highly jointed, chalky 
REE. OE Sa 


thickness questionable 
(measured on basis of projected dip).... 


. Top of Texanites texanus bed. 


(Section broken by faulting) 


. Giant Inoceramus beds: At base is a 1- 


foot, cream-colored, nodular, chalky 
ledge; then 5 feet of silty shale; next a re- 
sistant, prominent, 1-foot thick nodular 
limestone ledge; 5 feet more of shale; and 
at the top another 1-foot, nodular, 


chalky ledge. on an ae 
veh ij 


section of these beds.) . . 


. Friable to loose, dark-gray to black, 


finely laminated calcareous shale cut by 
brown clastic dikes; gypsum present but 
not abundant. Slopes weather tc a soft, 
loose, gray material, are littered with 
Inoceramus prisms, Osirea fragments, 
and small pieces of brown, thin-bedded 
sandstone and sandy agglomerate of in- 
dividual J#soceramus prisms. Fine-grained 
sand content appears about 30 feet above 
base of unit and color of section upward 
is creamy yellow (probably due mostly to 
weathering). A more calcareous and 
better indurated 1-foot bed of shale 
stands out on face of cliff 38 feet above 


DG 0 << ona ce vance sscadenuee 


1. Top of Inoceramus undulato-plicatus zone. 


A striking characteristic of the upper Be 
quillas-Terlingua unit is its soft gray color, but 
local shades of light brown and yellow resi! 
from weathering. This is exemplified by th 
yellowish-brown tops of the gray cliffs alo 
Terlingua Creek where the gray-brown ot 
contact crosses bedding planes of the dippis 
strata. 
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There is believed to be but one Inoceramus 
ndulato-plicatus zone in the Agua Fria quad- 
angle, as revealed by outcrops along the 
mile stretch of Terlingua Creek just west of 
Clanton ranch and at other localities, but the 
one has been repeated by faulting in the sec- 
tion exposed along Cat Draw (C and WC) and 
at several other places. 

Thin, persistent, almost vertical clastic 
dikes of fine-grained brown sandstone—and 
aso white calcite dikes—are common, espe- 
‘Bcally in the lower part of the unit. An im- 


wuth-southwest of Clanton ranch. 

Fossts: The paleontology of the upper 
Boquillas-Terlingua unit is summarized, tenta- 
tively, as follows (thicknesses in feet shown in 
parentheses) : 


Upper silty clay member (200?)— 
“Transitional beds” (S0?)— 
Inoceramus sp. 
Silty clay (150?)— 
Gryphaea wratheri Stephenson 
Gryphaea aucella? Roemer 
Inoceramus sp. (large, with thick prisms) 
Ostrea congesta Conrad 
Thin pelecypod? shell fragment with numerous 
short spines (Spondylus?) 
Middle shale member (135)— 
Texanites texanus bed and giant Inoceramus 
beds (35--)— 
Hemiaster texanus Roemer 
A brachiopod 
Inoceramus sp. (giant, up to 3 feet across) 
Inoceramus sp. 
Gryphaea wrathert Stephenson 
Gryphaea sp. 
Ostrea congesta Conrad 
Ostrea sp. 
Spondylus guadalupae? Roemer 
Durania terlinguae Adkins 
Pelecypod? shell fragment with small spines 
Euirephoceras sp. 
Texanites texanus (Roemer) Spath 
Texanites sp. (thin) 
Placenticeras sp. 
Porapachydiscus? 
“Hamites” 
Other unidentified ammonites 
Small cephalopod? with a rostrate venter 
Onychodus? teeth 
White chalky ledges (15-+)— 
Texanites texanus (Roemer) Spath 


Gray shale (85)— 
Inoceramus sp. (large shells, thick prisms) 
Ostrea sp. 

Lower chalky shale member (150)— 

Inoceramus undulato-plicatus zone (10+.)— 
Inoceramus undulato-plicatus Roemer 
Inoceramus sp. (thin shell) 
Gryphaea wrathert Stephenson 
Texanites cf. texanus (Roemer) Spath 
Texanites sp. (thin) 
Peroniceras? (or an evolute Texanites) 
Gauthiericeras? (or Texanites?) 
Texanites? (18 inches in diameter, 32 inches 

thick) 
Texanites? (1+ foot across; 5 prominent nodes 
on each rib) 

Placenticeras? 
Onychodus? teeth 

White chalky ledges (30)— 
Inoceramus cf. subquadratus Schliiter 
Tnoceramus sp. 
Anisomyon patelliformis Meek and Hayden 
Texanites sp. 

Gray shale (60)— 
Inoceramus sp. 

Fizzle Flat lentil (50)— 
Tnoceramus sp. (with straight ribs) 
Inoceramus sp. (with strong undulations) 
Inoceramus cf. labiatus Schlotheim 
Ostrea sp. 
Prionotropis? (small) 
Other small ammonites 
Isopods?? 
Shark teeth 


Bone fragment 


Stephenson (1948) said of the Inoceramus 
sp. (with straight ribs): 


“In the upper part of the transition zone [Fizzle 
Flat lentil] is a distinctive species of Inoceramus 
(with radiating costae), the significance of which 
as an index ‘fossil has not yet been determined. 
This appears to be the species that Adkins com- 
pared to Inoceramus digitatus Sowerby, and he 
considered it to be an Austin species.” 


On the basis of this statement, the writer is 
inclined to call the Fizzle Flat lentil, provi- 
sionally, basal Terlingua, although certain 
species of Inoceramus and ammonites found 
in the lentil strongly suggest similar forms 
found lower in the Boquillas section. Perhaps 
a more thorough paleontological study of the 
lentil will reveal an intermingling of both Aus- 
tin and Eagle Ford forms within it. The Fizzle 
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Flat lentil in the Agua Fria quadrangle is a 
distinct lithologic unit that could serve as a 
key unit to which later-discovered paleontologic 
zones can be referred. 

STRATIGRAPHIC RELATIONS: Both upper and 
lower contacts of Udden’s Terlingua formation 
are gradational, and the transition upward 
into the Aguja is very gradual. Ross A. Max- 
well, working in the Big Bend National Park, 
finds many Exogyra ponderosa Roemer about 
100 feet below the top of his Terlingua forma- 
tion. F. L. Whitney (personal communication) 
stated: “Exogyra ponderosa Roemer occurs 
on Little Walnut Creek near Sprinkle a few 
miles from Austin, probably 15 to 20 feet 
below Exogyra tigrina and Exogyra laeviuscula 
and, therefore, quite a distance below the 
Austin-Taylor contact.” Exogyra ponderosa 
has not been found in the Agua Fria area. 
Because this fossil is found below the Austin- 
Taylor contact in central Texas, its absence 
here suggests the possibility that the upper- 
most Terlingua beds in this area are Austin in 
age and that none of them are young enough 
to be called Taylor. 

Aguja formation—Adkins (1933, p. 505, 
506) wrote: 


“When in 1907 Dr. Udden described his ‘Rattle- 
snake’ formation, the name had already been used 
for a formation in the Oregon Pliocene. Accordingly 
the name Aguja is here substituted for Udden’s 
name. The type Iscality is Sierra Aguja (Needle 
Peak), in the flat in front of the Santa Helena 
fault scarp, 6 miles south of Terlingua, Brewster 
County, Texas. The slopes and surrounding flats 
contain a practically complete section of the beds, 
overlain by the Tornillo clay, and situated close 
to Udden’s original type locality. ...Three wide- 
spread types of sediments compose the Aguja: 
(1) rather coarse grained fossiliferous sandstones, 
weathering to dark brown, tan, yellowish-brown, 
and blue-gray shades; (2) lustrous to dull black, 
non-marine, carbonaceous, lignite-bearing shales 
...3 (3) massive shelly clays, somewhat like those 
in the Taylor but generally weathering more 
yellowish-brown, and generally more sandy or 
silty.” 


The lower part of the Aguja is of Taylor 
age, and Adkins assigned the upper part to the 
Navarro. The Aguja is the youngest Creta- 
ceous formation in the Agua Fria area. 
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Outcrop: The easily eroded Aguja generaly 
crops out in the Agua Fria quadrangle oh 
where conditions for preservation are fave. 
able—down-dropped fault blocks and plags 
where the soft Aguja is protected by an igneng 
cap, the basal Tertiary conglomerate, talus, 
a gravel cover. 

Isolated Aguja outcrops are found southwes, 
west, and north of Agua Fria Mountain; soyt) 
of Half Dome; south of the Fizzle Flat fay} 
scarp; a mile east of Clanton ranch; Pitahay 
Hills; and the extreme southeast corner of th: 
quadrangle. All these exposures except the on 
near Clanton ranch are confined to the southem 
third of the area. 

THICKNESS AND LITHOLOGY: The occurrene 
of the Aguja in relatively small isolated patches 
plus a major unconformity that affects pring. 
pally the Terlingua and Aguja formations 
eliminate the possibility of a complete Agua 
section in the Agua Fria quadrangle. 

The outcrops of Aguja immediately south 
Half Dome consist primarily of sandstone ani 
shale. The shale is light to dark gray or alma 
black and blackish-red. Lignite is present, ani 
lignitic shales are fairly abundant. One light 
gray sandstone bed is so loosely cemented tht 
it weathers to piles of sand that have bea 
shaped into dune-like forms by the wind. This 
sandstone bed contains many fossils, oystes 
and shark teeth the most abundant. Aly 
typical are calcareous concretions, ironston 
concretions and septaria with aragonite filling, 
fucoids, and cone-in-cone structures. Common 
minerals are gypsum and barite. The overall 
color of these exposures is rusty brown. The 
Aguja fault blocks are synclinal with step 
dips, so that much section can be seen in4 
short horizontal distance. 

The most accessible Aguja occurs in a fault 
block east of the Clanton ranch, where the 
formation is exposed for an east-west distanc 
of almost 2 miles. The Terlingua-Aguja trait 
tional zone, in which the gray silty to sandy 
clay of the Terlingua grades upward into 
yellowish-gray, gray, and brown Aguja sant 
stone, is well exposed 1 mile northeast of th 
ranch house. The Aguja consists mostly @ 
brownish sandstone and sandy clay of sud 
heterogeneous character that the weatherel 
outcrop resembles a mine dump. Both hig 
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and low-spired gastropods and oyster shell 
fragments were found north of the road 2 miles 
east of the ranch, and practically all the sedi- 
mentary structures of the area south of Half 
Dome were found at the Clanton ranch locality. 

The lower Aguja sandstone in the extreme 
southeast corner of the quadrangle is so well 
cemented with calcareous and ferruginous 
cements that it holds up a prominent north- 
northwest trending fault scarp. About half- 
way up the scarp face is a prolific fossil zone. 
At another near-by locality of a stratigraphi- 
ally higher position, numerous oysters weather 
fom a ferruginous sandstone. These can be 
found on the dip-slope inclined eastwardly 
toward Hill 4142 at the intersection of the 
fence line and a north-south draw. South of 
Hill 4142, possibly in the middle Aguja beds, 
large fragments of dinosaur bones and armor 
plates, ironstone beds and concretions, cone- 
incone structures, calcareous septaria, ripple 
marks, and much gypsum were found in the 
yellowish-brown sandy clay, thin-bedded and 
laminated sandstone, and massive beds of 
friable, light-yellow sand. No lignitic shale 
was observed in this area, which is indirect 
evidence for assigning these outcrops to the 
lower Aguja. 

The uppermost Terlingua, the Terlingua- 
Aguja transition zone, and the basal Aguja 
are exposed on the north slopes of north Pita- 
haya Hill. This combined section is buff or 
yellowish-brown, poorly consolidated, gypsum 
isabundant, and numerous calcareous septaria 
occur just below the igneous cap. Massively 
bedded silty clay or marl, which grades from 
yellowish brown-gray at base to rusty yellow- 
ish-brown at top, makes up almost the entire 
section at the south end of the same hill. Slope 
materials are loose to friable due to the bento- 
nite, sand, and silt content, and a cushiony or 
carpet walk results. Many large slabs of clear 
gypsum are present near the base of the hill. 
Higher in the section thin beds of yellow, lami- 
nated to platy fine-grained sandstone, cal- 
careous septaria with brown calcite and arag- 
onite vein fillings, and cone-in-cone structures 
appear. There is an occasional massive bed of 
loose to friable light-yellow sand, and few 
layers of rusty brown sandstone occur in the 
massive clays near the top of the hill. One 
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small gastropod was found about halfway up 
the hill. 

Northwest of Packsaddle Mountain, the 
normal gray Terlingua clay grades upward into 
low, whaleback-shaped hills of brownish Aguja. 
Walking or driving an automobile on the flat 
just north of these hills is difficult, for it is 
underlain by the soft, bentonitic cushiony 
Terlingua-Aguja transition zone. Where ex- 
posures are best, the upper gray Terlingua 
grades into light-brown Terlingua-Aguja and 
this into brown basal Aguja, from which frag- 
ments of hematite weather. 

The Aguja is exposed over a large area north 
of Agua Fria Mountain. The Terlingua-Aguja 
contact extending from Agua Fria Mountain 
to Paint Mountain can be located fairly closely 
on aerial photographs because of the different 
topographic patterns that develop in the two 
formations. Although too small to be shown on 
the map, several outcrops of disturbed Aguja 
beds occur along the Tascotal Mesa fault west 
of Paint Mountain. 

Lignitic shale of the Aguja crops out at Agua 
Fria Spring. These beds are part of a very 
narrow Aguja fault block which fringes Agua 
Fria Mountain to the northwest, west, and 
southwest. Undoubtedly the high permeability 
of the lower Aguja sandstone partially accounts 
for the perennial spring. 

Aguja fragments and sedimentary structures 
in the dams of earthen stock tanks indicate 
that much of the alluvium-covered flat between 
south Pitahaya Hill: and Camels Hump is 
underlain by Aguja. Aguja beds concealed by a 
thin alluvium sheet are probably continuous 
from south Pitahaya Hill to the southeast 
corner of the quadrangle. 

In most: places, the lower Aguja section con- 
sists of loosely cemented, light-colored sand- 
stone. Although rare in the Agua Fria area, 
cannonball concretions are abundant in the 
lower sandstones farther south. 


Partial section of lower Aguja measured on 
west side of hill 13 miles southwest of 
Clanton ranch 
Aguja sandstone— 
12. Top of hill. 


11. Friable to indurated, yellowish-gray 
to dark-gray, fine-grained sandstone. 
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Bedding consists of poorly developed 
irregular plates within a massive 
bed. A few poorly preserved ripple 


. Loose to friable, brownish-gray, 
massively bedded, somewhat ben- 
tonitic silty clays and marls with 
occasional small white limy con- 
cretions and few very thin rusty 
brown sandstone layers 


. Hard to indurated, light-brown, fine- 
grained sandstone. Weathers to 


. Large, hard, yellowish- to light- 
brown, flattened, somewhat con- 
nected, lenticular limestone con- 
cretions enclosed in fine-grained 
sandstone matrix 


. Thin bed of indurated, tan to light 
rusty brown, fine-grained sandstone. 
Breaks down to fragments of pebble 
and cobble size 


. Loose, dull olive-green to light- 
brown, massively bedded, silty 
clay-shale with 6-inch parting of 
rusty brown sandstone 15 feet above 
base. White chalky concretions 
scattered throughout _bentonitic 
section. Large gypsum plates as 


. Hard, rusty brown bed of highly 
fractured fine-grained sandstone 


with broad, symmetrical ripple 
marks (3 inches from crest to crest). . 


. Loose, rusty brown, massively bed- 
ded, gypsiferous and _bentonitic 


. Hard, rusty brown bed of fine- 
grained sandstone (= lowest good 
sandstone) 


Total lower Aguja present 


Thickness 
Feet 


Terlingua? beds— 

1. Transitional zone: Loose, light- 
brown, massively bedded, highly 
gypsiferous, bentonitic, fine-grained 
sandy to silty clay with carpet 
walk. White calcareous septaria.... §) 


At two small outcrops of Aguja, sandstoy 
has been altered to quartzite by contact met 
morphism. One locality is Hill 3473 (SE), a 
the other is on the downthrown side of Chew 
Waterhole fault just west of its intersectin 
with latitude 29°35’ N. The latter is a sm 
outlier where an uncovered decomposed gj 
(?), which exhibits excellent spheroidal weathe. 
ing, is preserved in the depression of a saucer 
shaped structural basin. The Aguja beds within 
10 feet below the igneous contact have be 
metamorphosed to a dark rusty reddish-brom 
quartzite, which forms the rim of the sau, 
Pelecypods are not obliterated in the quat- 
zites, and ordinary indurated to friable Agus 
sandstone with cone-in-cone structures, petr: 
fied wood, and gypsum is present below tk 
metamorphosed section. 

Fossuts: The only original organic remais 
collected from the Aguja are oyster shek 
fish teeth, and fragments of reptilian bons, 
armor plates, and turtle shells. All other fossk 
consist of internal and external molds, tk 
identification of which is indefinite. A tent- 
tive list of fossils collected from several localitis 
follows: 


North end of south Pitahaya Hill— 
Osirea sp. (large, elongate) 
Volutomor pha? 

Two miles east of Clanton ranch— 
Ostrea sp. 
Corbula? 
Inoceramus? 
Small indeterminate ribbed pelecypod 
Natica? 
Volutomor pha? 

Halfway up south end of north Pitahaya Hil- 
Volutomor pha? 

South of Half Dome— 
Ostrea spp. 
Fucoids 
Teeth of Lamna texana 

South of Hill 4142 (SE)— 
Fragments of dinosaur bones 
Fragments of dinosaur armor plates 
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Prolific fossil bed halfway up fault scarp half a mile 
west of Hill 4142 (SE)— 


Osirea Sp. 
Numerous internal molds of a medium-sized 


Cardium? 

Turritella trilira Conrad 

Notica sp. 

Volutomor pha? spp. 

Calliomphalus? 

Other impressions and molds of gastropods 
Baculites sp. 

Lomna texana tooth 


§rRATIGRAPHIC RELATIONS: The contact of 
the Aguja with the underlying Terlingua is 
gadational. Wherever the Aguja is overlain 
by Tertiary rocks, the contact is distinctly 
marked by an unconformity which is angular 
in some localities and apparently disconform- 
able in others. 

In his unpublished “Notes on the stratig- 
raphy of the Upper Cretaceous formations 
of the Big Bend area, Texas,” Stephenson 
(1948) stated: “I was not able to find any 
fossils in the upper Aguja that suggest an age 
as young as Navarro.” Although composed of 
poor specimens, the suite of fossils collected 
from the Aguja in the Agua Fria area indicates 
Taylor age. The writer is of the opinion that 
no Cretaceous beds in the Agua Fria quad- 
rangle are younger than Taylor. 


Tertiary 


General description—The Tertiary rocks of 
the Agua Fria area consist of a volcanic series, 
principally calcareous tuff. Conglomerate, sand- 
stone, breccia, fresh-water limestone, and inter- 
calated lava flows occur in subordinate 
amounts. Nonmarine fossils collected - from 
calcareous tuff and limestone beds indicate 
that some of the stratified section was deposited 
in fresh-water lakes. Change in thickness of 


a Hil B beds and in lateral and vertical facies char- 


acterizes the tuff section (Pl. 3, fig. 3). 

Buck Hill volcanic series —The name Buck 
Hill volcanic series was applied by Goldich 
and Elms (1949, p. 1143-1163) to the Tertiary 
volcanic succession, 3000-4000 feet thick, that 
lies unconformably on Cretaceous strata in the 
area between the Alpine intrusive igneous cen- 
ter on the north and the Terlingua center to 


173 


the south, and which extends into the Agua 
Fria quadrangle. Goldich and Seward (1948, 
p. 10-36) and Goldich and Elms (1949) divide 
the Buck Hill volcanic series into three forma- 
tions: 

Tascotal formation............1000+ feet 
Duff formation 

Pruett formation.............. 900-1000 feet 


The Pruett formation consists chiefly of 
well-indurated, thick to thin-bedded, commonly 
calcareous tuff that is normally grayish-white 
to bluish-gray or may be variegated and banded 
in many colors. The tuff section includes con- 
glomerate, tuffaceous sandstone and breccia, 
tuffaceous fresh-water limestone, and inter- 
fingering lava flows. The base of the Pruett 
generally is marked by a limestone pebble con- 
glomerate and conglomeratic arkosic sandstone. 
Goldich and Elms assign the Pruett formation, 
in part at least, to the Eocene. 

The Duff formation is composed primarily of 
well-lithified, grayish-white but commonly 
variegated, massive to thin-bedded, rhyolitic 
tuff with subordinate amounts of sandstone, 
breccia, and conglomerate. The Duff tuff is 
essentially noncalcareous, and no fresh-water 
limestone has been found. The formation is 
probably Oligocene in age. 

The lower part of the Tascotal formation 
consists of glaring white, thin-bedded, flaggy, 
sandy tuff. The upper part includes gray-buff, 
cross-bedded, coarse-grained, tuffaceous sand 
with minor amounts of breccia and conglomer- 
ate. The age is Oligocene (?) or younger. 

Goldich and Elms (1949, p. 1145) corre- 
lated the Buck Hill volcanic series, in part, with 
the 2000 feet of tuffaceous sediments in the 
Chisos Mountains described by Udden (1907b, 
p. 60-66) as the Chisos beds and with the 
3500-foot thick Squaw Peak volcanic series in 
the Quitman Mountains described by Huffing- 
ton (1943, p. 1027-1046). Huffington assigned 
this volcanic section to the lower Tertiary, 
Eocene or Oligocene. 

In the Agua Fria quadrangle, only the lower 
part of the Buck Hill volcanic series is present. 
Most of the rocks are Pruett with possibly a 
partial section of Duff. The sequence is referred 
to only as the Buck Hill volcanic series and is 
not divided. In the Buck Hill quadrangle, 
formation boundaries were established on lava 
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flows and lithologic characters not present in 
the Agua Fria quadrangle. In addition, ex- 
posures are inadequate to permit tracing of 
individual beds or zones into the quadrangle or 
to make possible the measurement of a com- 
posite section. 

Outcrop: The Buck Hill volcanic series, at 
most places capped by Quaternary gravel, is 
confined almost entirely to a north-south strip, 
which lies between longitudes 103°40’ and 
103°45’ W. Owing to gentle westerly regional 
dip of the Tertiary tuff, progressively younger 
strata are encountered to the west. Outliers of 
the basal Tertiary conglomerate are not un- 
common in other parts of the quadrangle; but, 
as a general rule, very few are found northeast 
of a line connecting Camels Hump (SE) with 
Hale Cabin (NC). 

Because the tuffs erode relatively easily, 
sections of greatest thickness are preserved 
where tuff is protected by a gravel cover or an 
igneous cap. The tuffs formerly extended 
farther east and probably covered the entire 
quadrangle, but erosion has almost stripped 
them from the eastern two-thirds of the area. 

Tuicxness: Goldich and Seward (1948, 
p. 15) state that “the cumulative thickness of 
the Tertiary volcanic succession is well over 
3000 feet.” The Buck Hill volcanic series is not 
this thick in the Agua Fria quadrangle, but 
1000 feet is considered a fairly reasonable 
estimate. 

BASAL TERTIARY CONGLOMERATE: The basal 
Tertiary or basal Pruett conglomerate is the 
most persistent member of the volcanic section 
in the Agua Fria quadrangle; an angular un- 
conformity separates it from the underlying 
Cretaceous strata. The conglomerate, in its 
most abundant type, consists of well-rounded 
pebbles and cobbles of hard, gray Comanche 
limestones. The fragments, some of which 
contain siliceous odlites and silicified fossils, 
are tightly cemented in a gray to brown, coarse- 
grained, sandy matrix. More angular pebbles 
of brown and black chert are less abundant, 
and Gulf Cretaceous materials are present 
locally. This type of conglomerate is common 
in the northwest part of the quadrangle. 

No igneous pebbles were observed in the 
basal Pruett conglomerate. This suggests that 
the igneous centers either were non-existent or 
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had not yet been uncovered at the time the 
basal conglomerate was deposited. Conglomer. 
ates and breccias higher in the tuff series cop. 
tain notable percentages of igneous fragments, 

Remnants of the basal Tertiary conglomerate 
are widespread, and presumably it once covered 
the entire quadrangle. Loose, rounded pebbles 
and cobbles are abundant in spots in the south. 
east corner of the area. Orbitolina texan 
Roemer, which indicates a Glen Rose source, 
is abundant in some of the rounded fragments, 
On the northeast flank of Hill 4142, a bench or 
terrace in the Aguja is held up by a tightly 
cemented cap of the conglomerate. 

An unusual development of the conglomerate 
occurs on the west flank of Hill 4207 (SW) and 
extends westward into the Tascotal Mes 
quadrangle. Most of the pebbles, cobbles, and 
boulders (some more than a foot in diameter) 
are fragments of a very hard, coarsely crystal- 
line, white or gray to light-brown limestone 
that contains gray to brown flint nodules and 
silicified colonial corals, branching corals, 
rudistids, and Cerithium. The siliceous material 
stands out in relief, and the faunal assemblage 
suggests the Edwards equivalent of the Devils 
River as a source. The conglomerate also con- 
tains chert and flint pebbles. At Hill 4207, the 
few feet of conglomerate rests on the Boquillas 
flags; but within a half mile to the west, due 
to the strong east dip of the Comanche section, 
remnants of the tightly cemented conglomerate 
cap the Buda limestone, then the Grayson matl 
(on which the conglomerate slumps), and still 
farther west the conglomerate rests on uppé- 
most Devils River limestone. Because the 
conglomerate dips to the east at a gentler rate 
than the Cretaceous strata, the Cretaceous 
Tertiary unconformity is markedly angular 
in this area. 

Some modification from the typical basil 
Pruett conglomerate occurs in the central part 
of the quadrangle. In the small hill half a mile 
northwest of Cheosa Waterhole (C), about 15 
feet of the conglomerate caps Terlingua beds 
The lower 5 feet consists of the regular rounded 
limestone pebbles and cobbles plus angult 
boulders of Aguja sandstone, 1 to 3 feet i 
maximum dimension, tightly cemented im 
sandstone matrix. About 5 feet of the typical 
conglomerate lies above the Aguja boulder, 
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theangularity of which indicates little transport 
anda local source. The uppermost 5 feet is a 
warse, cross-bedded sandstone with thin con- 
gomeratic layers. Possibly an old land surface 
on which there were residual Aguja boulders 
wbsided, and then torrential streams deposited 
the typical basal Pruett conglomerate. 

The prominent cuesta 1 mile southwest of 
BM. 3540 (C) is capped by the resistant basal 
Tatiary section. The lowermost beds are 
coarse-grained sandstone, which, like the 
uderlying Terlingua beds, is highly gypsifer- 
wus. Most of the pebbles and cobbles in the 
onglomerate above the basal sandstone are 
yel-rounded, dark-gray limestones that contain 
(rhitolina texana Roemer, chert, and silicified 
fosils, These indicate Glen Rose and Devils 
River sources. Minor amounts of black, brown, 
and banded chert, petrified wood, and limestone 
pebbles with small siliceous concretions also 
are present. 

The basal Tertiary conglomerate caps 
Terlingua in the hills 13-2 miles northeast of 
Whistler Squat (SW). The grayish conglomerate 
is about 2 to 3 feet thick and is composed 
largely of locally derived Terlingua materials, 
such as white chalky limestone fragments up 








to 3+ inches in greatest dimension, fragments 
of Inoceramus, and almost complete specimens 
of Durania. A few pebbles of light- to dark- 
brown banded chert are present. Several feet 
of gray to light rusty brown, thin-bedded and 
platy sandstone-breccia lie above the con- 
slomerate. 

On the upthrown side and near the northwest 
extremity of the Fizzle Flat fault, the basal 
Tertiary is represented by 2 to 3 feet of in- 
durated, rusty gray to reddish-brown, thin- 
bedded to platy, coarse-grained sandstone. The 
basal few inches are a sandstone-breccia- 
conglomerate with limestone pebbles, up to 
pecan size, probably derived locally from the 
wderlying limestone beds in the Terlingua 
formation, 

The lowermost Tertiary beds are exposed 
rather extensively about half a mile northwest 
of Agua Fria Mountain. Fairly typical basal 
Pruett conglomerate rests on Aguja, and the 
‘Wo are separated by a gently waving uncon- 
lormity clearly marked by a 2 to 3-inch bed 
of gypsiferous, limonitic material that contains 





STRATIGRAPHY 





175 


yellow ochre. A thick section of coarse, gray, 
cross-bedded sandstone with some breccia 
rests on the conglomerate. The numerous holes 
and small caves that weather into this sand- 
stone provide shelter for small animals and 
give the cliff face an eerie appearance. The 
conglomeratic section averages 10 feet thick 
and consists of lenses of conglomerate ranging 
from a few inches to 2 feet thick. The average 
pebble size is 1 inch, and the percentage of 
dark-gray to black chert associated with the 
dark-gray Comanche limestone pebbles is 
relatively high. Imoceramus prisms are present 
in the conglomerate, and at some places lenses 
of creamy yellow, coarse-grained, cross-bedded 
sandstone are separated by thin seams of 
impure sandy clay. 

Isolated outcrops of the basal Pruett con- 
glomerate immediately north of the Tascotal 
Mesa fault in the southwest part of the quad- 
rangle cap uppermost Terlingua, the Terlingua- 
Aguja transition zone, or basal Aguja. The 
conglomerate reaches a thickness of about 25 
feet in the westernmost of these outcrops. The 
patch of conglomerate 1} miles due south of 
Whistler Squat yields many fragments of 
petrified wood. The conglomerate is underlain 
by about 5 feet of friable, yellow-gray, ir- 
regularly bedded, coarse-grained sandstone, 
the lower 1 foot of which is locally a coquina of 
reworked Cretaceous fossils. The thickness of 
the conglomerate about a mile southeast of 
Whistler Squat averages 10 feet, but in places 
it reaches 20 feet. Very coarse quartzitic sand- 
stone is present as lenses and cementing 
material in the typical conglomerate. A number 
of the cobbles are large fragments of poorly 
rounded Gulf Cretaceous limestone that con- 
tains abundant Imoceramus shells up to 5 
inches in diameter. 

The thickest basal Tertiary conglomerate 
observed occurs in the southwest part of the 
quadrangle slightly more than a mile northeast 
of the Solitario fault. Proximity to the Solitario 
probably accounts for this excessive thickness. 
The 40- to 50-foot conglomerate section is 
exposed in an upthrown block at the inter- 
section of two faults 2 miles south-southwest of 
Whistler Squat. On the fault scarp that faces 
southwest, typical conglomerate and associ- 
ated sandstone lenses, reworked Cretaceous 
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materials, and scattered petrified tree trunks 
appear. The conglomerate is so tightly ce- 
mented that pebbles, cobbles, and sandy 
cementing material fracture alike. Thus rela- 
tively smooth, clean breaks result from faulting. 

At a point on the north bank of Alamo de 
Cesario Creek 134 miles east of Whistler Squat, 
the gray Terlingua clay-shales are capped 
unconformably by basal Tertiary gray-brown, 
cross-bedded, coarse-grained sandstone with 
some breccia. The wavy unconformity is 
marked by a brownish, calcareous, gypsiferous, 
limonitic secondary material. 

In a relatively small, almost circular struc- 
tural basin about half a mile west of Hill 3494 
(SC), the following section is preserved. 


5. Tuff. 

4. Sandstones and sandy clay........... 50-60 feet 
3. Basal Tertiary conglomerate......... 10-12 feet 
Unconformity 

2. Upper Terlingua................... 50 feet 


1. Giant Inoceramus beds. 


The basal conglomerate is typical except 
that most pebbles are relatively small—less 
than 3 inches in diameter. The sandstone and 
sandy clay section above the conglomerate is 
rusty brown. The coarser materials of unit 4 
are poorly sorted; they range from fine-grained 
sandstone to sandstone-breccia, and some are 
cross-bedded. The clayey portion of unit 4 
consists of yellow-gray silty clay-shale with 
nodules and veins of rusty gypsum in cracks 
and joints. A white efflorescence spottily 
crusts the surface of the sandy clay. This 
section resembles some of the Gulf Cretaceous 
beds, particularly the Aguja; and it suggests 
a partial derivation of the sandy clay from 
the weathering and reworking of Aguja and 
upper Terlingua beds. This sequence is es- 
sentially the same as that along the Agua Fria 
ranch road northwest of Agua Fria Mountain. 

The derivation of conglomeratic materials 
from both local and distant sources is illustrated 
by the basal Tertiary conglomerate exposed in 
the bed of Terlingua Creek due east of Paint 
Mountain. Petrified tree trunks up to 15 inches 
in diameter and 2+ feet long, ironstone con- 
cretions and boulders up to 1.5 feet in diameter, 
septaria, and fragments of impure limestone 
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that contain cone-in-cone structures pr. 
sumably were derived locally from the under. 


lying Aguja. Minor quantities of pebbles ani 
cobbles of chert, jasper, and chalcedony indicat: 
a more distant source, for these materials ay 
not characteristic of the Aguja. 

In Hill 3494 (SC), about 10 feet of Agujs 
is preserved under the Cretaceous-Tertiary 
unconformity, which is marked by secondary 
rusty brown gypsum. A thin atypical bas 
conglomerate, nowhere over a few feet thick 
was observed. Rusty brown, angular Agua 
fragments with minor amounts of limy nodule 
and concretions are incorporated in a sandy 
matrix. Thick beds of brownish-gray, coarse- 
grained, cross-bedded sandstone-breccia lie 
above the unusual basal conglomerate and 
substitute for it where it is absent. These 
lower Tertiary sandstone-breccias include many 
fragments of petrified wood, and the sequence 
continues up to the base of the flows (?) that 
cap the hill. 

Reworked Gryphaea and Inoceramus prisms 
occur in the basal brownish-gray, coarse 
grained sandstone portion of the conglomerate 
section on Cat Draw (C and WC). Angular 
fragments of black chert, of coarse-grained 
sand to pebble size, are present in both the 
basal sandstone beds and the sandy matrix of 
the overlying typical conglomerates. This 
section rests unconformably on the upper 
Terlingua. 

The basal Tertiary conglomerate everywhere 
rests unconformably on Cretaceous strata, and 
it is in contact with every Cretaceous formation 
exposed in the Agua Fria quadrangle. Thus, 
from a regional viewpoint, the Cretaceous 
Tertiary unconformity is angular; but there 
are local areas in which the discrepancy in dip 
of the two systems is so slight that the break 
is more appropriately termed a disconformity. 

A diagrammatic north-south cross section 
drawn from the south part of the Buck Hil 
quadrangle through the Agua Fria quadrangle 
would show the following regional relationships 
between Cretaceous and Tertiary beds. i 
the Buck Hill quadrangle at Stop 3, Goldid 
and Seward (1948, p. 27) report the bas 
Tertiary as largely sandstone with little cm 
glomerate that lies unconformably on th 
Boquillas limestone. A thickness of 2-4 fet 
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is listed for the conglomerate-sandstone here. 
farther to the south, in the north-central 
part of the Agua Fria quadrangle, the typical 
conglomerate thickens to 10-15 feet and rests 
meonformably on the Fizzle Flat lentil and 
dightly higher beds of the upper Boquillas- 
Terlingua unit. In the central part of the 
quadrangle, the sandstone-breccia-conglomer- 
ate includes locally derived angular Aguja 
boulders and rests on upper Terlingua beds. 
South of the Fizzle Flat fault, the conglomerate 
contains many products reworked from the 
Aguja, and it rests on either the Terlingua- 
Aguja transition zone or a thin section of 
Aguja. Near Paint Mountain (SC), the con- 
gomerate rests unconformably on the Aguja 
and consists almost entirely of materials ob- 
tained from the Aguja section. 

The typical conglomerate reaches a thickness 
up to 50 feet in the southwest part of the 
quadrangle near the Solitario. This suggests 
that an important contributor of Comanche 
fragments lay southwest of the Agua Fria 
area. The Solitario was already a positive ele- 
ment in early Tertiary time and had been 
eroded deeply enough for the Devils River and 
Glen Rose to be exposed and furnish materials 
for the conglomerate. Proof is the marked 
angular unconformity between the basal Tertiary 
conglomerate and the underlying Cretaceous 
west of Hill 4207 (extreme SW). At this lo- 
tality, the conglomerate rests on a slightly 
tilted erosional surface that truncates strong 
tast-dipping Devils River, Grayson, Buda, 
and Boquillas beds. 

Exposures along several creeks in the area 
northwest of Agua Fria Mountain illustrate 
the irregularity of bottom on which the basal 
Tertiary conglomerate was deposited (Pl. 4, 
fg. 3). The resistant conglomerate forms 
overhanging ledges after the softer underlying 
Cretaceous strata, such as uppermost Terlingua 
and basal Aguja, have been eroded. The original 
broad undulations and pot-hole-like depressions 
are preserved as casts on the underside of the 
conglomerate. 

Turrs: The volcanic series above the basal 
conglomerate is a heterogeneous assortment 
of materials in which calcareous tuffs pre- 
dominate. Conglomerates, breccias, sandstones, 
clay-tuffs, limestones, and lava flows are other 
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constituents. Lenticularity of beds, uncon- 
formities, channeling with fill, and facies 
changes within short distances are common. 

The tuffaceous beds in the Agua. Fria quad- 
rangle are dominantly white to gray, nodular, 
calcareous clay-tuffs, but pastel shades of 
cream, yellow, brown, red, pink, and purple 
are abundant. Thick, horizontal, brick- to 
brighter-red and gray bands alternate in the 
bluffs of Devils Graveyard. 

The clay-tuff, especially the gray, is ben- 
tonitic in many places and gives rise to the 
clay balls found in creek beds. Bentonitic 
clay-tuff sections with few ledges of limestone, 
sandstone, breccia, or conglomerate produce 
characteristic whaleback hills (Pl. 3, fig. 1), 
but resistant beds are almost everywhere 
interbedded with the tuffs. 

CaCO; supplies much of the cementing 
material of the tuffs and occurs as relatively 
rare, dense, limestone beds, generally 1-2 feet 
thick; zones of nodular limestone; and small 
nodules of impure limy material dispersed 
throughout the section. Presumably much of 
the CaCO; in the Pruett formation was ob- 
tained from the weathering of Cretaceous 
strata. 

Glaring snow-white chalky tuff apparently 
was deposited as pockets in brick-red, cal- 
careous clay-tuff. A series of these white pockets 
extends for more than a mile northeastward 
from Dike 3700 in Devils Graveyard. The 
alignment suggests faulting, but underlying 
uninterrupted key beds disprove a possible 
fault contact of the white and red tuffs. 

Very coarse, grayish, sandstone-breccia 
channel deposits, lenticular in cross section, 
occur in the western part of the quadrangle, 
where, because of their resistant nature, they 
hold up elongate topographic ridges in the 
tuff section. 

In many places intraformational conglomer- 
ates in the tuff occur in the form of discontinu- 
ous lenses that may be no greater than 1-3 
feet thick. Many such conglomerates are 
composed entirely of well-rounded and highly 
polished chert pebbles and cobbles, which 
indicate a great horizontal distance of transport 
or a lateral reworking for considerable time. 
Other fragments found in the sandstone- 
conglomerate lenses are tuffaceous material, 
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limestone pebbles, green chert, and dark 
banded chert. 

In the east-west draw about midway be- 
tween Agua Fria Mountain and Whistler 
Squat, a small hill a quarter of a mile east of 
the road appears yellow-brown from a distance 
due to the weathering of numerous limonitic 
and calcareous concretionary structures from 
a brick-red clay-tuff section. The concretions 
range up to several inches in diameter, and 
some have a crude approach to cone-in-cone 
structure. 

In Devils Graveyard, vertical clastic dikes, 
1-3 inches thick and composed of angular 
fragments of varicolored tuffs in a darker 
matrix, are more indurated than the enclosing 
tuff and produce minor topographic ridges. 

The recent works of Goldich and Elms 
(1949) and Goldich and Seward (1948) present 
a detailed description of the tuffs of the Buck 
Hill volcanic series in their normal stratigraphic 
sequence. Complex structure, lateral facies 
changes, and concealed intervals in the Agua 
Fria quadrangle prevented the tracing of 
individual beds and, consequently, the building 
up of a composite section. The following details 
are from local areas and stratigraphically iso- 
lated exposures, but they are presented in 
supposedly correct ascending order. 

Petrified tree trunks are fairly common in 
the basal conglomerate and the sandstone or 
tuff that immediately overlies it. Knots, grain 
of the wood, and annular rings are beautifully 
preserved in some specimens. Several fossil 
trees in the vicinity of Hill 3580 (SW) are 
50 to 70 feet long. 

The lower tuff at several places closely re- 
sembles the underlying Aguja formation, 
particularly the tuff that rests on a coarse- 
grained sandstone commonly associated with 
the basal conglomerate. This tuffaceous section, 
like the Aguja, is generally yellow-brown to 
gray with rusty splotches. The striking simi- 
larity of the two formations is perhaps one 
reason earlier writers assumed a gradational 
contact between Cretaceous and Tertiary beds. 
Apparently the Aguja was reworked and re- 
deposited with the basal tuff beds so that the 
resulting rock is a mixture of Aguja and Terti- 
ary materials. The lower tuff, much of which 
is high in CaCOs, clay, and sand content, 
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generally is brownish or reddish to whit. 
forms whaleback hills, has thin continyoy 
sandstone beds and lenticular channels ¢ 
sand, and in some places looks like Aguja tha 
has been reddened by secondary action. Th 
presence of the basal Pruett conglomenp 
below this questionable section is the mos 
reliable proof that it is Tertiary rather tha 
Cretaceous. 

The tuffs exposed on Paint Mountain ay 
relatively low in the Pruett section and ap 
strikingly conspicuous, because the alternating 
thick, horizontal, reddish and grayish bands 
contrast sharply with the drab background 
color of the Aguja as the mountain is » 
proached from the northeast. The tuff is wel- 
lithified and highly calcareous, and larg 
low-spired fossil snails were collected at the 
northeast base of the mountain. According to 
Goldich (personal communication), calcareous 
nodules present here are more numerous and 
larger than in the corresponding tuff in the 
Buck Hill quadrangle. 

Barite occurs in the lower tuff at a locality 
13 miles west of Paint Mountain on the west 
bank of a draw that empties into Alamo de 
Cesario Creek. 


Section of lower Buck Hill volcanic series 
measured on east bank of draw 1} miles 
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white, nodular, impure, pitted lime- 
stone that weathers rusty brown..... 


15. Very hard, gray to reddish-brown, 
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thick-bedded, calcareous, fine-grained 
sandstone; weathers to well-rounded 
MS ras ca: vores os-wele das ges «a 


Hard to friable, light greenish-gray, 
massively bedded calcareous sand- 
stone with occasional layers of chert- 
pebble conglomerate. Unit forms pre- 
cipitous cliff and varies considerably in 


.Friable to indurated, light-purple, 


calcareous and tuffaceous beds..... : 


. Very hard, white, nodular, impure 


tuffaceous limestone that weathers 
CE os ecavessocamgsamesee 


. Alternating calcareous tuffs and cal- 


careous siltstones. Tuff beds average 
3 feet thick and are light gray to red- 
dish-lavender. Siltstone beds are hard, 
white, average 1.5 feet thick, and 
weather to a rusty color and nodular 


Se er 


. Indurated, grayish-white, massively 


bedded calcareous tuff.............. 


. Hard, white, calcareous tuff bed..... 


. Hard, light grayish-white, massively 


bedded, noncalcareous tuff.......... 


. Very hard, white tuff bed with small 


brown concretionary structures...... 


Hard, rusty orange to reddish-lavender 
to grayish-white, calcareous, tuffaceous 
clay with zone of calcareous nodules. 
Section weathers to whaleback hills 
with nodules and small cauliflower 
concretions (caliche?) on slopes...... 


Hard, gray-brown, laminated, fine- 
grained calcareous sandstone beds, 3-4 
inches thick, alternate with reddish, 
calcareous siltstone beds, 1 foot thick. . 
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3. Hard to friable, dingy gray, poorly 
bedded, coarse - grained calcareous 


Total tuffaceous section exposed. 221.5 
Unconformity 








Cretaceous— 
Terlingua beds— 
2. Hard to indurated, gray to rusty yel- 
low, laminated calcareous shale. ..... 


1. Bottom of draw. 


Owing to gentle westerly dip, the tuffaceous 
section in Devils Graveyard is tentatively re- 
garded as middle Pruett. Outcrops in the semi- 
circular hill northeast of Whistler Squat (Pl. 3, 
fig. 3) illustrate the approach to a provisional 
age determination of such isolated exposures. 
A conglomerate that contains many igneous 
pebbles lenses out completely in places and lies 
on an unconformity of variable position in the 
tuff section. The igneous pebbles, some amyg- 
daloidal, indicate that the conglomerate is 
younger than basal Pruett. Although the tuff 
above the unconformity or conglomerate is 
decidedly different lithologically and in bedding 
from that below, thereby suggesting a younger 
formation, the entire sequence is probably 
Pruett, because all the tuffs are calcareous. 

A persistent light-colored sandstone marker 
bed that extends from the northwest corner of 
the area southward about to the latitude of 
Burnt House Camp may correspond to the 
upper [Whirlwind] breccia member of the 
Pruett formation. The sandstone bed dips 
gently to the west and is continuous along the 
west bank of the tributary which flows from 
the north and empties into Crystal Creek. 

With structural conditions for chief evidence, 
the youngest beds of the Buck Hill volcanic 
series probably are those in the southwest part 
of the area just northeast of the Solitario fault. 
The sequence is: 


Tuff 

Lava flow 

Tuff 

Lava flow 

Highly colored tuff (50+: feet) 

Fresh-water limestone (50-++ feet) 

Very coarse yellow conglomerate (200+ feet) 
Tuff 
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The brilliantly colored tuff above the limestone 
displays olive-green, cream, white, light brown, 
rust, red, purple, and yellowish-green. 

WELDED Turr: At Hill 4014, nearly half a 
mile southwest of Agua Fria Mountain, the 
rock that caps the ordinary tuff is a welded 
tuff resembling rhyolite. Macroscopically the 
rock appears to be a porphyry with phenocrysts 
of clear feldspar and quartz set in a salmon-pink 
aphanitic groundmass. Inclusions of a pu- 
miceous rock, up to 4 inches in greatest dimen- 
sion, are common. 

Thin sections show lune-, cusp-, and bubble- 
shaped structures in a pasty groundmass. Some 
of the relict bubble-like structures are collapsed, 
which suggests that pumice plus heat produced 
the collapsed pumice effect. The angular shard- 
like structures, however, are convincing evi- 
dence for a pyroclastic origin; and the rock 
probably is a welded tuff (Mansfield and Ross, 
1935) or an incandescent tuff (Fenner, 1948). 
Because euhedral to subhedral, embayed and 
corroded crystals of sanidine and quartz, up to 
2.5 mm long, and fragments of a pre-existing 
rock are present in the welded glassy matrix, 
the rock might appropriately be called a 
welded vitric-crystal-lithic tuff. 

Other outcrops of this rock occur from the 
Mesquite Tank area northwestward to the 
point where the Tascotal Mesa fault intersects 
the west boundary of the quadrangle. Lonsdale 
(1940, p. 1563) described a welded tuffaceous 
rock from the Tertiary section southwest of the 
Solitario. Recent uncompleted work by Goldich, 
Erickson, and others indicates that rocks of this 
kind may be widespread in Trans-Pecos Texas. 

FRESH-WATER LIMESTONE: Goldich and Elms 
(1949, p. 1143-1151) pointed out that the 
Buck Hill volcanic series, although chiefly tuff, 
includes a subordinate amount of fresh-water 
limestone. The limestone beds yield fossils well 
enough preserved to be identified accurately 
and thereby afford a fairly reliable age deter- 
mination for the otherwise dominantly clastic 
Tertiary section. 

Limestones of the Buck Hill volcanic series 
are exposed at a number of isolated localities 
in the Agua Fria quadrangle. During the sum- 
mer of 1948, Goldich visited many of these 
limestones and concluded that all are of fresh- 
water origin. Most contain a fresh-water fauna, 
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but some are nonfossiliferous. The latter canno, 
unquestionably be called fresh-water, but thei 
presence in a volcanic section that has yielded 
land snails and their close association with and 
lithologic similarity to fresh-water limestone 
beds are indirect evidence for nonmarine cop. 
ditions of deposition. 

Many of the Tertiary limestone beds ar 
lithologically similar to normal marine lime. 
stone but contain the fresh-water genen 
Planorbis (verified by H. B. Stenzel) an 
Goniobasis (verified by Goldich). According io 
S. P. Ellison (personal communication), the 
internal molds of ostracodes obtained from a 
limestone of the Buck Hill volcanic series 
probably represent fresh-water forms. Goldich 
and Elms (1949, Fig. 3) list Goniobasis, Physa, 
Cochliopa, ostracodes, charophytes, and algal 
structures from fresh-water limestones in the 
Pruett formation; and they find fossil snails 
scattered in the tuffs of the Pruett and Duff 
formations. 

The hill on top of which is B.M. 3540 (C) 
is capped by 41 feet of macroscopically non- 
fossiliferous Tertiary limestone, which rests 
directly on the Fizzle Flat lentil, here reddish 
to pink and silty. From a distance, the massive 
limestone might be mistaken for a reef in the 
Boquillas-Terlingua sequence. The rock ranges 
from very dense to a powdery, chalky material. 
More generally, though, this limestone is hard 
to very hard, light brown to gray, massively 
and irregularly bedded; and it contains small 
amounts of scattered light-brown chert and 
limonite. A very rough and irregular (karren) 
weathering surface characterizes the limestone. 
Some portions of the rock appear brecciated, 
which may account for the development of a 
cracked type of weathering. Samples of a white, 
granular or saccharoidal caliche-like phase of 
the limestone, common on top of the hill, have 
a petroliferous odor and possibly contain ostr- 
codes. Many veins of white calcite are present 
in this circular Tertiary limestone mass, which 
apparently occupies a small, local, sauctt- 
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Tertiary limestone rests directly on the basal 
Pruett conglomerate. The limestone contains 
sme chert, exhibits the cracked type of 
weathering, and closely resembles the Devils 
River limestone. 

A dirty brown limestone bed, 4 feet thick, 
that yields the best silicified Tertiary fresh- 
water fossils in the area, caps a section of white 
to light-gray calcareous tuff in a small hill just 
north of the road 2 miles north-northeast of 
Burnt House Camp (NW). Several other out- 
liers of hard, white to brown fresh-water lime- 
sone occur in the fault blocks southeast of this 
cality and east of Burnt House Camp. Light- 
gay to light-brown chert and gray-brown flint 
ue present in some of these resistant limestone 
eds, which average 2.5 feet thick. Many beds 
weather to nodules and boulders, and some are 
fossiliferous. 


Section measured on south face of small hill 
northwest of broad right angle curve in 
road 2 miles north-northeast of 
Burnt House Camp 
Thickness 
Feet 
Buck Hill volcanic series— 

5. Very hard, brownish-gray to brown, 
thick bed of fresh-water limestone. 
Contains chert, flint, and silicified 
fossils (Goniobasis most abundant, Pla- 
norbis, ostracodes). Weathered rock is 
brown, has a cracked appearance, and 
breaks down to very angular fragments. 4 


4, Covered (apparently same as 2)........ 34 


3, Hard, white to light-gray fresh-water 
limestone bed. Weathers to very nodular 
surface and contains brown chert. Fos- 
NE 3. seit ctl steels 2.5 


1. Friable, light-gray, massively bedded 
clayey tuff. Slope weathers to nodular 





e at 4 


yever, De 


A nonfossiliferous Tertiary limestone, prob- 
ily the same as that at Hill B.M. 3540 (C), 
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be determined more accurately. The diastrophic 
history of this area is discussed later. 


Section measured at southeast end of Hill 
3546 (C) 
Thickness 
Feet 
Tertiary— 

Buck Hill volcanic series— 

7. Hard, snow-white to brown, massive and 
irregularly bedded nonfossiliferous lime- 
stone. Smooth-textured to granular, kar- 
ren and cracked weathering, small 
amounts of limonite and chert......... 40+ 


(a Tee penesrpes tet patie 38 


5. Hard, rusty gray to gray, massive and 
cross-bedded calcareous sandstone-brec- 


4. Indurated to friable, gray to yellow, 
massively bedded tuffaceous marl with 
dull brick-red splotches. Hard irregular 
nodules weather out.................. 25 


3. Basal Tertiary conglomerate: Hard, 
yellowish-gray conglomerate beds, 3+ 
feet thick, consist of well-rounded lime- 
stone and chert pebbles (up to 4 inches 
in greatest dimension) cemented in a cal- 
careous sandy matrix. These alternate 
with hard to friable, yellow-gray, cross- 
bedded, coarse-grained calcareous sand- 
stone beds, 2+ feet thick. Limonitic 
zone occurs 2 to 3 inches above discon- 
formity, and Inoceramus prisms common 
in this conglomeratic section........... 16 

Unconformity 








Cretaceous— 

Terlingua beds— 

2. Indurated to friable, gray to cream- 
yellow, laminated calcareous shale. 
Weathers to small splinters and bis- 
cuit-shaped nodules. Limestone beds, 
about 6 inches thick, widely spaced. .... 57 


1. Top of Fizzle Flat lentil (?). 


A nonfossiliferous Tertiary limestone, which 
contains pebbles of black chert, caps the tuffs 
that form the south bank of an easterly sloping 
draw at a point west of the road and 2 miles 
northwest of Agua Fria Mountain. Another 
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nonfossiliferous limestone is present in the 
Tascotal Mesa fault zone 1 mile east of the 
west boundary of the quadrangle where a bed 
about 3 feet thick caps the tuffs in a small hill. 

The thickest development of limestone in the 
Buck Hill volcanic series (Pl. 4, fig. 2) occurs 
in the conglomerate, tuff, and lava flow se- 
quence just northeast of the Solitario fault 
(SW). This limestone section, which is approx- 
imately 50 feet thick and thins somewhat to 
the northwest, rests on a section of yellow 
conglomerate some 200 feet thick. The impure 
granular or saccharoidal limestone is indurated 
to hard, yellow-gray, thin and irregularly 
bedded. Imperfect karren, pitted, and cracked 
types of weathering prevail. The limestone 
contains geodes, algal structures, and angular 
black chert pebbles. The latter resemble the 
bedded cherts of the Ordovician Maravillas 
formation, which is exposed in the Solitario 
and may have been the source of the black 
fragments. Cave-type deposits form where there 
are overhanging ledges of the limestone. The 
rock disintegrates into small angular fragments 
that make steep dip-slopes difficult and dan- 
gerous to walk on; the dips in this area average 
25° to the southwest. Certain zones carry finely 
disseminated dark-brown chert in thin, irregular 
layers, some of which contain algal structures. 

YELLOW CONGLOMERATE: A thick yellow con- 
glomerate crops out in a band in the down- 
thrown (northeast) block of the Solitario fault, 
and this band parallels the fault for almost its 
entire length in the quadrangle. The rocks here 
are among the youngest Tertiary exposed in 
the quadrangle, and probably the conglomerate 
is near the top of the Pruett. The conglomerate, 
apparently a local development around the 
periphery of the Solitario, is overlain by lime- 
stone, tuff, and lava flows. The 50 feet of lime- 
stone resting on the conglomerate strongly 
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suggests that the latter is part of the Pruet 
formation. 

The yellow conglomerate varies considerably 
in thickness. From exposures in the vertica! 
walls of a huge plunge basin in the area south. 
west and west of Hill 3963, the thickness was 
estimated at 200-300 feet. The conglomerate 
like the limestone, tuff, and lava flows of this 
sequence, thins to the northwest so that it js 
probably no more than 100 feet thick at th 
west boundary of the area. 

The basal portion of the conglomerate, which 
rests on a wavy and channeled surface of the 
underlying tuff, consists primarily of fairly 
well-rounded igneous boulders that average a 
foot in diameter, but some up to 4 feet were 
observed. Local lenses have a high percentage 
of angular boulders and should be termed 
breccia-conglomerates. Limestone _ boulder, 
some of which contain black (Maravillas?) 
chert, are also present. 

The conglomerate in the vicinity of Hil 
3951 and Hill 3802 is loose to indurated, yellow, 
and massively bedded. The matrix is a fine 
grained yellow sand with much gypsum and 
other efflorescences. Pebbles, cobbles, and 
boulders consist of angular igneous rocks to 
well-rounded limestones. The size range is from 
that of a small pebble to boulders 3+ feet in 
diameter. The fragments consist of Comanche 
limestones with silicified fossils, fine-grained 
dense to vesicular acidic igneous rocks, quartz, 
black Maravillas (?) chert, Caballos (?) novaci- 
lite, green and brown cherts, and banded cherts. 
These suggest local derivation from the Soli- 
tario, which lies to the southwest; and the 
angular chert and novaculite fragments impart 
a Paleozoic aspect to a weathered surface o 
the conglomerate. On relatively flat weathering 
surfaces, brecciated sponge-like caliche deposits, 
3+ feet thick, occur locally. 


——— 





Pirate 4.—BUCK HILL VOLCANIC SERIES 


Ficure 1. View SouTHEASTWARD Across THE TuFF SECTION oF Devits GRAVEYARD TowArp AGvA Fai 
MOovunNTAIN 
Dike 3600 in foreground. (Photograph by R. B. Davis.) 
Ficure 2. Frrty-Foor Section or FresH-Water LiwestoNE UNDERLAIN BY YELLOW CONGLOMERATE 
AND OVERLAIN BY TouFF AND LAvA FLows 
Dip is southwest toward Solitario fault. 
Ficure 3. CRETACEOUS-TERTIARY CONTACT 
Basal tertiary conglomerate was deposited on irregularly eroded Terlingua beds in southwestern part af 


quadrangle. 
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In most places the conglomerate rests directly 
n ordinary tuff. However, at a point a mile due 
vst of Hill 3963, marked by the intersection 
¥ southeasterly and northeasterly sloping 
jaws and in the southeast bank of the latter, 

welded tuff averaging 10 feet thick lies be- 
ween regular tuff below and the yellow con- 
Jomerate above. The welded tuff dips upstream 
southwest) toward the Solitario, and within a 
wuarter of a mile it is both overlain and under- 
sin by the yellow conglomerate. These condi- 
ions suggest that the Solitario was rejuvenated 

hile the yellow conglomerate was being de- 
sited and that the doming of the Solitario 
oper was accompanied by a periphery col- 
apse in which the conglomerate accumulated 

s boulders were shed from the Solitario dome. 

hen the welded tuff was formed on top of 
ndinary tuff to the northeast, but to the 
southwest it accumulated on the lower portion 
of the conglomerate already deposited nearest 
he Solitario. Later a great thickness of the 
yellow conglomerate was deposited above the 
velded tuff. Materials in the conglomerate in- 
licate Paleozoic, Comanche, and _ igneous 
sources. Because these rocks are exposed in 
he Solitario, it is a likely source area. The 
in fragment size from bottom to top, 
illustrated by gradation from very coarse basal 
material to the uppermost sand and finer 
breccia-conglomerate, suggests that the Soli- 
ario was being worn down during the accumu- 
lation of the yellow conglomerate. 

Lava FLows: Intercalated lava flows are an 
ntegral part of the Buck Hill volcanic series. 
Sheetlike igneous masses are common in both 

etaceous and Tertiary strata of the area, but 
most tabular igneous masses in the Cretaceous, 
whether deroofed or covered, are sills, whereas 
hose in the Buck Hill volcanic series are 
mostly flows. Probably all igneous rocks in the 
Agua Fria quadrangle are of Tertiary age. 

Two trachyte flows separated by tuff cap 
Paint Mountain. Both exhibit flow structure, 
and both include basal flow breccias preserved 
in old channels in the tuffs under the flows. 

ne upper reddish-brown flow is vesicular, and 
Some of the vesicles contain calcite amygdules. 

Two flows at a higher stratigraphic position 
are separated by conglomeratic tuff and are 
lted down against the Boquillas along the 
Solitario fault. The northwest-southeast extent 
ot these outcrops is some 2} miles. The lower 
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flow is a vesicular trachyandesite or andesine 
wachyte with agate amygdules. The higher 
flow is a more dense analcimitic diabasic 
microgabbro with vesicular and amygdaloidal 
portions. 

Basic analcime-bearing rocks occur as flows 
in the volcanic section at Hill 3494 (SC) and 
in the area southwest of Agua Fria Mountain. 

Fossits: The only fossils obtained directly 
from the tuff are several internal molds of a 
low-spired Helix-like gastropod. The largest 
specimen is 12 inches in diameter, 1 inch high, 
and consists of 4 whorls. The snails were col- 
lected from white, nodular, calcareous tuff 
beds at the northeast base of Paint Mountain. 
These beds probably occupy a lower Pruett 
stratigraphic position, for, although the interval 
between the two localities is covered, the basal 
Pruett conglomerate crops out in the bed of 
Terlingua Creek about a quarter of a mile east 
of this fossil locality, and the east-west dip 
component between the two points is slight. 

Limestones, where fossiliferous, are the most 
prolific fossil beds of the Buck Hill volcanic 
series. Well-preserved specimens of silicified 
forms were collected from the limestone that 
caps the small hill just northwest of the road 
and 0.4 mile northwest of Hill 3550 (NW). The 
white fossils stand out in relief on surfaces of 
the hard, dark-brown limestone. Although 
small, the gastropods are conspicuous by color 
contrast. An insoluble residue of this limestone 
contained: 


Goniobasis sp. 
Planorbis sp. 
Internal molds of ostracodes 


Goniobasis and Planorbis are listed as nonmarine 
mollusca by Henderson (1935); and according 
to S. P. Ellison (personal communication) the 
ostracodes are probably fresh-water forms. A 
hard, light-gray, chert-bearing 2.5-foot thick 
bed of fresh-water limestone, 34 feet below the 
bed just described, contains numerous Planorbis 
sp. The largest specimen found is 0.2 inch in 
diameter. 

Several other hard, light-gray limestone beds 
in the northwest part of the quadrangle, and 
particularly the steeply dipping bed just north 
of the road and in the fault zone at a point 
almost three-fourths of a mile due south of 
Long Hills, yield numerous Planorbis sp. These 
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forms are preserved as casts of clear to brown 
calcite. The largest specimens reach half an 
inch in diameter and consist of 6 or 7 whorls. 
These beds are low in the Buck Hill volcanic 
series, probably lower Pruett. 

Limestone beds from a high (?) stratigraphic 
position in the Pruett (?) formation in the area 
just northeast of the Solitario fault contain 
algal structures that average half an inch in 
diameter. 

STRATIGRAPHIC RELATIONS: Goldich and 
Elms (1949, p. 1143-1145) tentatively assign 
the Pruett formation to the Eocene on the 
basis of abundant specimens of Goniobasis 
collected from limestone lentils in the upper 
part of the formation. They assign the Duff 
formation to the Oligocene on the basis of a 
smaller gastropod. Because the Buck Hill vol- 
canic series of the Agua Fria quadrangle can 
be correlated with that of the Buck Hill area, 
the next quadrangle to the north, the Tertiary 
volcanic rocks of the Agua Fria quadrangle are 
likewise tentatively assigned to the Eocene- 
Oligocene. 

The basal conglomerate of the Buck Hill 
volcanic series in the Agua Fria quadrangle 
everywhere rests unconformably on Cretaceous 
strata. A relatively thin (Quaternary?) gravel 
cover unconformably caps the tuffaceous series 
in several large areas. 


Quaternary 


General description—Deposits of Quaternary 
age in the Agua Fria quadrangle include older 
gravels that stand at higher altitudes in the 
western part of the area and alluvium or 
valley-fill found at lower elevations in the 
eastern part of the quadrangle. The two were 
mapped as separate units. 

Gravel—The Quaternary (?) gravels consist 
chiefly of fairly well-rounded cobbles and 
boulders of igneous rocks that occur in rela- 
tively thin, almost flat-lying sheets at different 
elevations. Three distinct gravel-covered rock 
terraces can be seen west of Terlingua Creek 
near Clanton ranch. The approximate locations 
and elevations of the three main terraces are: 


Approximate 
distance west of Approximate 
Terrace Clanton 1 elevation, feet 
I 1} miles 3300 
I 4 mile 3250 
Til i mile 3200 
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As a reference surface, the elevation of th 
present flood plain of Terlingua Creek, les 
than a quarter mile west of Clanton ranch, is 
about 3175 feet. 

The oldest gravels cap Long Hills (NW) a 
an average elevation of about 3700 feet. Gres 
Valley or Greasewood Flat, the most wide 
spread gravel-covered surface in the northwest 
part of the quadrangle, averages about 355) 
feet in elevation. The youngest terrace, about 
25 feet lower than Greasewood Flat, paralles 
the present course of Terlingua Creek and is 
relatively narrow. This youngest gravel deposit, 
which can be called the Burnt House Camp 
terrace, is some 25 feet higher in elevation 
than the present flood plain. 

Apparently Green Valley, which is now being 
dissected by Terlingua Creek and its tributaries, 
is an extensive pediment that developed as 
Bandera Mesa, in the Tascotal Mesa quad- 
rangle to the west, retreated westward during 
an earlier erosion cycle. Perhaps the Long Hils 
surface is the only surviving remnant of a stil 
older pediment. The lower terraces along Te- 
lingua Creek probably represent slight local 
uplifts or lowerings of base level. They are of 
less magnitude and significance than the Long 
Hills and Green Valley pediment gravels, and 
they are not everywhere gravel covered. 

Alluvium.—The material mapped as alluvium 
in the eastern part of the quadrangle is pr- 
marily valley-fill, much of which has probably 
been deposited:as sheet-wash. The material 
considerably less coarse than the igneous grave, 
and its composition is principally that of the 
near-by sedimentary rocks. Undoubtedly it i 
of much more recent origin than the gravels at 
higher elevations to the west. That part of 
Hale Draw north of Dewees Tank (NE) is now 
dissecting a cream-brown alluvial fill, the upper 
5 feet of which is fine-grained and fairly well 
bedded. The lower part contains a higher per- 
centage of caliche and a greater number of 
Boquillas limestone pebbles than the upper 5 
feet. 


INTRUSIVE IGNEOUS ROCKS 


Introduction 


Lonsdale (1940) described the chief igneous 
masses in the southern part of the Agua Fra 
quadrangle and located them on a regional 
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INTRUSIVE IGNEOUS ROCKS 


reconnaissance map. Plate 1 shows more struc- 
tural detail around the intrusive masses, and 
the following paragraphs supplement Lonsdale’s 
work and the sections on igneous petrography 
aad structure of this paper. 

The hypabyssal intrusive igneous rocks of 
the Agua Fria quadrangle occur as ruptured 
gccoliths, stocklike bysmaliths (?), cores of 
trap-door domes, plugs, dikes, and sills. The 
tocks range in composition from soda rhyolites 
to picritic basalts and include an analcime- 
bearing series. Many of the intrusive masses 
ae so closely interrelated with structure that 
to discuss the two independently is impractical. 
This is particularly true of the trap-door domes, 
which hold the key to the understanding of 
several of the more important intrusives. 


Trap-door Domes 


Trap-door domes are a combination of an 
unique igneous mode of occurrence and fault- 
ing. Knechtel (1944) describes domes with a 
central trap-door block as follows: 


“The subordinate domes... were formed by 
bodies of igneous rock which were punched up- 
ward into the sedimentary rocks. They range in 
diameter from 1} to 34 miles. Each is typically 
subcircular or subelliptical in plan and normally 
includes a hinged block that is raised on a nearly 
vertical fault of curved trace. The rock strata in 
such a block are tilted up like a trap-door which 
has opened along the fault and slopes down toward 
the opposite side of the block.” 


Gray Hill (SE) is the best example of this 
unusual structure in the Agua Fria quadrangle 
(Fig. 3). Here the uplifted, rectangular trap- 
door block, which is elongated in a northwest 
direction, dips to the northwest toward the 
hinge and is bounded on the other three sides 
by relatively straight faults that intersect al- 
most at right angles. The two parallel faults 
are called paired faults, and the one fault at 
the southeast end, parallel to and opposite the 
hinge, is referred to as the unpaired fault. The 
latter has the greatest throw, and both paired 
faults decrease from a maximum throw at their 
intersection with the unpaired fault to zero at 
the hinge. Although no igneous rock is exposed 
at Gray Hill, a bysmalith-like intrusive mass is 
postulated to explain this special type of dome. 
Relationships between exposed igneous masses 
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and other similar, though not so perfectly de- 
veloped, trap-door domes support this assump- 
tion. Devils River, Grayson, Buda, and Bo- 
quillas crop out in the tilted trap-door block, 
but the flanks of the dome consist principally 
of Boquillas flags. 

Red Bluff, a domical uplift along the east 
margin of the area, is similar to the domes 
described by Knechtel except that faulting, 
which must have occurred on the northwest 
flank, is obscured by the soda trachyte intru- 
sion. The red bluff is a narrow crescent-shaped 
wall that terminates the dome to the northwest. 
The vertical wall, which resembles a ring-dike, 
towers 700 feet above the surrounding flat and 
stands 350 feet higher than the deroofed por- 
tion of the laccolithic intrusion. Presumably as 
the dome was being arched by the injection of 
viscous magma, its northwest flank fractured 
and an arcuate fault resulted. Being a line of 
weakness, the fault offered a means of escape 
for the magma, which, possibly aided by stop- 
ing, moved upward and thereby formed the 
mass that now stands as a towering semicircular 
wall after the previously enclosing sedimentary 
rocks were eroded. That part of the Boquillas 
roof rock nearest the concave or southeast side 
of the bluff has been stripped so that crude, 
vertical columnar jointing in the laccolith (?) 
proper is revealed, and Boquillas beds 40-50 
feet above the igneous-sedimentary contact 
have been altered by the intrusion. Apparently 
the ruptured Red Bluff dome results from a 
partially deroofed laccolithic intrusion, and it 
strongly resembles a trap-door dome. 

Panther Mountain (Pl. 2, fig. 3), a dome 
with highly faulted flanks, is not strictly a trap- 
door dome, but it evidently passed through 
such a stage at one time. Its only difference 
from a typical trap-door is the presence of an 
additional fault where the hinge-line should be. 
The north and west walls of this partially de- 
roofed stocklike soda rhyolite mass are essen- 
tially vertical. The upper Devils River caps 
the southern portion of the intrusion and dips 
so steeply in a southerly direction that Grayson, 
Buda, and lower Boquillas flags are preserved 
only at the extreme south edge of the mountain. 
With Panther Mountain punched up through 
its center, the dome takes on the aspect of a 
stocklike bysmalith. The steep southward tilt 
of the block suggests that the upward-moving 
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magma at first lifted only one end of the block Stocks, Laccoliths, Bysmaliths, Plugs, Bie. 
and thereby formed a trap-door, but eventually 

the pressure became so great that the hinge-line The largest single body of igneous rock in 
also fractured and the entire block was lifted quadrangle is the soda-rich rhyolite of 
vertically, though differentially. Fria Mountain, a stocklike mass which is 
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2 miles in diameter and towers 1500 feet above 
the average level of the surrounding country. 
The walls of the mountain are so steep, vertical, 
or overhanging that they suggest the magma 
pierced the sediments in a very pasty or semi- 
slid state. Huge, irregular vertical columns of 
the reddish-weathered soda rhyolite stand as 
precipitous cliffs around the periphery of the 
mass. The most prominent overhanging cliff 
rises 350 feet above Agua Fria Spring, the 
water of which emerges from Aguja sandstone 
pulled up as a narrow fault block that fringes 
the west side of the mountain. The rhyolite top 
of the mountain weathers into plates that clink 
vhen walked upon. 

Although Agua Fria Mountain consists of 
many peaks, all have practically the same ele- 
vation, which suggests that the stocklike mass 
was originally relatively flat-topped. Perhaps 
the peaks represent almost the highest eleva- 
tion reached by the rhyolite. No sedimentary 
rocks are now present on top of the mountain, 
but comparison with structurally similar Pan- 
ther Mountain to the east suggests that Devils 
River limestone was the roof rock. 

Plate 1 indicates that Agua Fria Mountain, 
the center about which Tascotal Mesa fault 
and others curve, was instrumental in the de- 
velopment of structure in the south part of the 
quadrangle. Lonsdale (1940, p. 1555) classifies 
Agua Fria Mountain, along with similar masses, 
as a thick uncovered laccolith or bysmalith. 
The writer favors the idea of a bysmalith and 
postulates that the possible laccolithic portion 
of the mass extends to the northeast almost as 
far as Tascotal Mesa fault. If Agua Fria 
Mountain proper is only the stocklike portion 
of @ more extensive igneous mass, then the 
entire structure is a bysmalith rather than a 
simple laccolith. 

The contour map reveals a series of concen- 
tric rings of topographic highs and lows on top 
of Agua Fria Mountain that suggests a cylinder- 
and-piston effect or a telescopic manner of 
magmatic emplacement. This postulates that 
the outer shell cooled more rapidly, owing to 
contact with bed-rock, became more viscous 
and acted as a cylinder in which the hotter 
ad more mobile interior piston could still 
move upward. The zone between the outer 
ylinder and the inner piston would, under 
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these conditions, be subjected to considerable 
strain. Hence these rocks would be weakened, 
would erode more easily, and topographic lows 
would result. The ring of highest peaks around 
the periphery of the mountain corresponds to 
the postulated outer cylinder; the ring of 
topographic lows inside the peaks represents 
the rocks supposedly subjected to greatest 
stress, and the remaining central portion rep- 
resents the piston. 

Packsaddle Mountain is a complexly faulted 
dome in which an irregularly shaped quartz- 
poor rhyolite plug has punctured the roof. It is 
possibly a laccolith or bysmalith. Either the 
magma of the Packsaddle Mountain plug was 
differentiated into a core and an outer shell 
with an intervening transition zone, or the 
cylinder-piston or telescoping effect proposed 
for Agua Fria Mountain also operated here 
and resulted in three different phases of the 
rock on top of the plug. Most fresh specimens 
of the rhyolite are grayish-brown to pink, 
porphyritic, and exhibit swirls. Columnar 
jointing is well developed in the dense shell 
rock, which weathers to dark reddish-brown 
and commonly has a coat of desert varnish. 
The core rock exhibits excellent vertical and 
colored flow bands and weathers to huge light- 
brown boulders. The intermediate or transition 
zone is reddish and less dense than either the 
inner piston or outer cylinder. A fourth type of 
rock, a tightly cemented agglomerate or breccia 
that occurs as huge boulders in the saddle of 
the mountain, is probably a remnant of vol- 
canics. 

There are several pluglike masses in the 
southern part of the quadrangle, the most 
prominent of which are Camels Hump, Hill 
4142, a black hill southwest of Packsaddle 
Mountain, Hill 4302, and possibly the circular 
mass just south of Agua Fria Mountain. 

Bed-rock outcrops are poor around Camels 
Hump. Due to the rhyolite intrusion, which 
shows vertical flow structure, the Boquillas- 
Terlingua blocks exposed on the east side are 
badly broken. Effects of metamorphism appear 
to be slight, although some baked limestone is 
present in the saddle. Remnants of a basic sill, 
also intruded by the plug, cap basal Ter- 
lingua (?) beds and form a small discontinuous 
bench on the east flank of the hill. 
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The trachyte plug that forms Hill 4142 (SE) 
has intruded a down-dropped block of Aguja 
sandstone. The throat rock is porphyritic with 
glassy phenocrysts set in an aphanitic ground- 
mass, has excellent flow structure, weathers to 
reddish-pink, and in many places exhibits a 
coat of desert varnish. An intrusion breccia 
occurs around its periphery, and well-developed 
columnar jointing is present on the southeast 
side of the hill. 

The plug of picritic basalt that forms the 
small black hill southwest of Packsaddle 
Mountain has another set of joints normal to 
the well-developed columnar jointing. This 
causes the columns to break down into thin 
hexagonal plates. The fine-grained rock is 
heavy, dense, black, weathers rusty gray to 
reddish-brown, and contains visible olivine 
crystals. 

Hill 4302 just south of Panther Mountain is 
a pluglike intrusion of soda rhyolite very sim- 
ilar in composition to that of Agua Fria Moun- 
tain. Huge columns form vertical cliffs, and a 
vertical parting, suggestive of flow structure, 
causes the rock to weather to thin plates that 
clink loudly when walked upon. The rock also 
shows concentric banding or swirl structures. 
The mass on the north flank of Hill 4302, which 
consists of fragments derived from the plug and 
tightly cemented with ferruginous cement, may 
be a Recent breccia. Another smaller mass just 
west of the hill is a tuffaceous breccia, possibly 
a remnant of the volcanic series. 

Poor exposures around the base of the almost 
circular hill just south of Agua Fria Mountain 
make it difficult to determine whether this 
mass is a thick deroofed sill or a plug. In 
shape and development of massive columnar 
jointing, the intrusive resembles a plug; viewed 
from a distance, Terlingua beds appear to 
underlie the igneous rock. Thin horizontal 
plates weather from the upper surface of the 
mass and suggest horizontal flow structure, 
which evidence favors a sill. The dark-gray to 
black, heavy, dense, fine-grained rock has a 
reddish-brown weathering surface, and harder, 
lighter-colored elliptical pellets, up to 2 inches 
in maximum diameter, weather from the rock. 

A small trachyandesite plug, half a mile 
southwest of Panther Mountain, occurs in a 
minor fault zone and consists of a badly brec- 
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ciated mass of cream-gray to pink fragmens 
cemented with ferruginous material. Caliy 
veins and small vugs are common. Perhaps thy 
rock exposed is an intrusion breccia. 
Sills 

Several basic sills with a feeder dike are ¢. 
posed in the 400-foot west canyon wall of Ty. 
lingua Creek a mile west of Panther Mountain: 
Hill 3450, which tops the cliff, was named $j 
Hill. Another combination feeder dike and sj 
occurs just outside the southwest corner of tk 
quadrangle. Locations of several more extensive 
sills, most of which are uncovered, and th 
formations in which they occur are: 

Sills 


Area southwest of Agua Fria Mountain. . . Terlingw 
Dikes 

The dikes in the western part of the quai- 

rangle have a northwesterly trend which par- 

lels that of the major structural features. Thos 


of the central part of the quadrangle, however, 
are aligned in a northeasterly direction at right 


angles to structural trends. All dikes in thi 


area are practically vertical, and none is mort 
than a few feet thick. The longest dike, m 
Fizzle Flat, extends over 2 miles to the north- 
east. The highest dikes, those in Devils Grave 
yard (Pl. 4, fig. 1), stand 200-300 feet above 
the surrounding country. 


Metamorphic Effects 


The effects of contact metamorphism at 
relatively slight, even in the largest igneous 
occurrences. Noticeable effects on the enclosing 
country rock generally consist of no more that 
slight baking plus some color change a fe 
feet from the igneous contact. Little, if any, 
mineralization of the country rock is apparett 
at most places. 


IGNEOUS PETROGRAPHY 


A number of igneous rocks in the southem 
part of Agua Fria quadrangle and in Brewst 
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IGNEOUS PETROGRAPHY 


County were described by Lonsdale (1940) and 
Lonsdale and Dickson (1948). Microscopic 
studies of additional rocks from the area by 
the writer are conveniently summarized in a 
paragraph from Lonsdale (1940, p. 1541): 


“The igneous rocks include an analcite-bearing 


"Byries and intermediate, trachytic, and rhyolitic 
*F types, most of which are soda-rich. The analcite- 
iB bearing types range from melanocratic gabbroid 


apparent 


to syenitic types. Analcite is primary, deuteric, 
ind hydrothermal and was formed through a rather 
lng period. The complete assemblage is alkaline 
md resembles the suites from Spanish Peaks, 
Colorado, and other alkaline subprovinces along 
the front of the Rocky Mountains.” 


The petrography of the Agua Fria rocks is 
presented in Table 1. Lonsdale’s (1940, p. 1601) 
special classification for the analcime-bearing 
rocks, which are such an important group in 
the Alpine-Terlingua area, adapted from Niggli 
(1931), is used. Grouping into families, such as 
microgabbros and basalts, on the basis of grain 
size is after Hatch and Wells (1937, p. 155, 201). 


STRUCTURAL GEOLOGY 
General Description 


Regional structure in the Big Bend estab- 
lishes the local structural pattern of the Agua 
Fria quadrangle (Fig. 4). Approximately 10 
niles northeast of the quadrangle are the San- 
tiago Mountains, the northwest continuation 
of the Sierra del Carmen that lies some 30 miles 
to the east. This chain forms the easternmost 


dome, structurally the highest part of the broad 
aiticlinal Solitario uplift that extends south- 
eastward to Terlingua, lies in the southwest 
corner of the quadrangle. Between these two 
Psitive elements, the Solitario to the south- 
west and the eastern front of the Rockies to 
the east and northeast, lies the Agua Fria 
quadrangle, which, as a whole, is structurally 
ne due principally to almost vertical normal 
auits, 

Generally, the area is part of the great 
sunken block described by Udden (1907b) and 


southeM™ fBaker (1935a). According to Udden (1907b, p. 
Brews} ¥0-81), a part of the sunken block lies in that 
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area bounded on the east by the front ranges 
of the Rocky Mountains. on the west by the 
Santa Elena fault scarp, on the south by the 
Rio Grande, and on the north by the igneous 
Corazones and Rosillos mountains, which lie 
east of and approximately at the same latitude 
as the south boundary of the Agua Fria quad- 
rangle. The sunken block measures 39 miles 
from east to west, has dropped 4000-6000 feet 
structurally, and is extensively faulted and 
folded. Baker (1935a, p. 174) wrote: “Only ex- 
ceptionally are the strata in the Big Bend 
sunken block horizontal. Dips more frequently 
are from 10° to 30°.” Domes, laccoliths, and 
other intrusive masses are common in the 
sunken cblok. 

Lonsdale (1940, p. 1543) stated that “to the 
northwest the settling decreases and ends with 
the Solitario uplift. ...” The present detailed 
mapping shows, however, that a portion of, or 
an adjustment to, Udden’s sunken block ex- 
tends northwestward into the Agua Fria quad- 
rangle and forms a constricted northwest-trend- 
ing component of the tremendous negative 
structural unit. Possibly the sunken block dies 
out to the northwest within the Agua Fria 
quadrangle. On the other hand, although nar- 
rowed and restricted within the quadrangle, the 
change in fault trends suggests that the block 
continues on to the west and northwest in a 
wider belt outside the mapped area. Baker 
(1935b, p. 380) expressed the opinion that the 
Big Bend sunken block extends northward as 
far as the southern part of Green Valley (NW). 

Lonsdale (1940, p. 1543) described the Sierra 
del Carmen as “a broad step-faulted domical 
uplift.” Similar step faults prevail in the Agua 
Fria quadrangle, especially in its northeast half, 
where faults such as the Old Stage Stand, Hale 
Cabin, White Trail, and Cheosa Waterhole are 
each downthrown to the southwest and express 
themselves as prominent southwest-facing fault 
scarps with the huge fault blocks tilted gently 
to the northeast. Generally the faults are 
aligned in a northwesterly direction except in 
the vicinity of Agua Fria and Packsaddle 
Mountains, where intrusive masses have mod- 
ified the trend of near-by faults. 

Although no Palezoic rocks are exposed in 
the Agua Fria quadrangle, the older geosyn- 
clinal facies undoubtedly underlies the Cre- 
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Ficure 4.—StRucTuRAL SETTING OF THE AGUA FRIA QUADRANGLE 
Modified from Structural Map of Texas, 3rd edition, by Sellards and Hendricks (1946). 





taceous rocks of the area. Highly folded, trends indicates that the Cretaceous rocks ¢ 
faulted, and even overthrust Paleozoics with the Agua Fria quadrangle rest directly, 
a northeasterly trend are exposed in the Soli- with angular unconformity, on the Ouaci™ 
tario dome, just beyond the southwest corner facies, and that the quadrangle proably mar 
of the quadrangle, and in the southwest end of the position of the buried Mara‘hon gest 
the Marathon uplift about 10 miles northeast cline. There is no structural evidence for # 
of the quadrangle. An angular unconformity old Marathon geosyncline within the 48 

separates the Paleozoic and Cretaceous rocks Fria quadrangle, for the northwest strucw™ 
in both areas. The projection of the Paleozoic trends in the surface rocks are at right ang" 








TABLE 1-PETROGRAPHY OF THE IGNEOUS ROCKS OF THE AGUA FRIA QUADRANGLE, TEXAS 





TEXTURE 





ALKALI 


OLIVINE, 
SERPENTINE, 
LDDINGSITE 


OTHER® 
MINERALS 


REMARKS 





Diameter: 
1/4 mile 


Fine-grained, 
subequigranular 


Abundant laths and 
stubby xls. (0.1* mm.) 


Altering to limonite 


Trace zircon (7?) 


Reddish-brown alteratic a material from riebeck- 
ite (?). Xis. set in feldspathic paste. 





Diameter: 
1/2 mile 


Fine-grained, 
porphyritic 
(trachytic) 


88% anorthoclase 
phenocrysts (3 x 1 
mm.) and ground- 
mass laths (0.2 mm.) 


Hornblende (7) xis., 
1.2 x 0.35 mm., 
altering to limonite 


7% ores. Magnetite 
grains; limonite. 


Few needles 


Few zircon grains 


Trace zircon. 


Mode dified from L dale (1940, p. 1567). 
Reddish-brown alteration material from amphibole(?) 
and/or pyroxene (7). 





Apparent zoning in a few feldspar phenocrysts. 





Fine-grained, 
porphyritic 
(subtrachytic) 


Obscure in grd. 
mass. Rare 
corroded 
phenocrysts. 


Anorthoclase pheno- 
erysts (42 mm. long). 
Alkali laths 0.1 mm. 


Trace 
aegirite- 
augite (?) 





Diameter: 
1/2 mile 


Occult in ground- 
mass 


Anorthoclase laths and 
anhedral xis. 


Little riebeckite (?) 


Rare grains magnetite(?) 


Titanite (?). 





Small grains and few 
spongy riebeckite 
xls. up to 0.8 x 0.35 
mm. 


Rare magnetite grains 
up to 0.05 x 0.25 mm. 


Few zircon xls. 


Riebeckite pleochroic from dark blue-green to 
yellow-green, alters rusty brown. 





Interstitial 


Anorthoclase pheno- 
crysts and groundmass 


Aegirite- 
augite 





Hill 4142 
(SE) 


Diameter: 
1/4 mile 


Anorthoclase up to 
1.72 0.8mm. Alkali 
laths 0.13 x 0.05 mm. 


Spongy riebeckite 
xls. and many 
scattered grains 


Spongy riebeckite xls. poikilitic to anorthoclase 
and quartz. Riebeckite alters reddish-brown, 
stgpngly pleochroic, 5° to 7° extinction. 





Magnetite grains. 
Hematite and limonite. 


Greenish 
microlites 


Reddish-brown material altered riebeckite (?). 





ix 1/2 mile 


Fine-grained, 


subequigranular 
(good trachytic) 


Practically 
quartz free 


Pronounced orientation 
of alkali feldspar laths 
(0.3 mm.) 


Aegirite- 
augite (bright 
green, 28 
extinction) 





Trachyte 
t 4. 1 





Length: 
1/4 mile 
Thickness: 
30? feet 


Very fine-grained, 
subequigranular 
(subtrachytic) 


Abundant smal! laths 
(0.1 to 0.2 mm.) 


Scattered 
augite 
grains 





Hin 3600 
(we) 


Plagioclase 
trachyte 


Vertical 
dike 


Length: 
1 mile 
Width: 
few feet 


Fine-grained, 
subequigranular 


Anorthoclase (2V=50°) 
xis. average 0.35 mm. 


Small % of armored 
and indistinctly zoned 
sodic plagioclase 





In draw 
3/4 mile 
SW of Hill 
3963 (sw) 


Length: 

22 miles 
Thickness: 
252 feet 


Fine-grained, 
porphyritic 


Armored andesine 
(An36-46) pheno. up 
to 1+ mm. 


Considerable 
augite. One 
xl. 1 x 0.66 

mm. 





Dome just 
north of 
Hill 4142 
(SE) 


Trachy- 
andesite (?) 


Diameter: 
0.3 mile 


Fine-grained, 
sparingly 
porphyritic 


Little interstitial 


Phenocrysts up to 
2mm. Ground- 
mass laths and 
stubby xls. 


Few andesine (An33) 
phenocrysts. 
Plagioclase ground- 
mass laths. 


Grains of rieb. and 
brownish sodic (?) 
hbl. Zoned xls. 
(0.35 x 0.15 mm.) of 
rieb. and arfved.(?) 


Magnetite grains and 
iaheben ats, 84 04 





material. 


Sodic amphiboles markedly pleochroic, x1. ends 
fibrous and dark blue-green to black, maximum 
extinction 12 , fairly high relief. 





Few magnetite xls. (up 


Minute stubby xls. 
r ith 


lated 





to 0.7? mm.). Li it 
from ore grains. 


magnetite 


Reddish-brown material suggests soda rich 
mafics. Possibly a soda trachyte. Two flows. 





Few hornblende 
grains 


metite and 
ilmenite (7) 


Smail xls. and grains of 


Needles notably 
developed 


Numerous small vesicles. Few filled with calcite; 
few partially filled with clear to slightly clouded 
isotropic material. 





Some serpentine 
from augite 


has alkali feldspar in- 
clusions. Limonite. 


Magnetite up to 0.7 mm. 


1t mm. ghosts of serpentine, calcite, and 
limonite. Alteration of plagioclase cores 
provides additional greenish material. 





Limonite patches, 
specks, and grains 


Little leucoxene 


Calcite: secondary and as alteration of feldspar. 
Rock badly weathered, possibly andesine trachyte 











Hill 3251 
(sc) 


Trachy- 
andesite (?) 
(orecciated 
and badly 
weathered) 


Plug-like 
intrusive 


Fine-grained, 


porphyritic 
(trachytic) 


Few anorthociase 
(med. 2V) pheno. 
Alkali laths and stubby 
xls. (0.3 x 0.2 mm.) in 
groundmass. 


Rare phenocrysts up 
to 0.8 mm. Clear 
groundmass laths 

(nm > 1.54). 





South flank 
of Hill 3903 
(sw) 


Trachy- 
andesite (?) 
(vesicular) 


Length: 
2+ miles 
Thickness: 
252 feet 


Very fine-grained, 
porphyritic 
(subtrachytic) 


Stubby to lath-shaped 
groundmass xis. 


(n < 1.54) 0.152 mm. 


Thin alkali armor on 
zoned andesine (An45) 
phenccrysts (up to 

2 mm.) 


Trace augite 





3/4 mile 
N 30 E of 
Camels 
Hump 


Altered 
analcime 
plagioclase 
micro- 
syenite (7) 


0.20.1 
mile 


Fine-grained, 
porphyritic 


Interstitial, 


Phenocrysts and long 
laths. (Probably 
originally more 





Large labradorite 
(An56) phenocrysts up 
to 8mm. Zoned and 
armored laths. 


Augite inclu- 
sions in pheno- 
crysts. Purplish 
augite xls. 


SIOTITE 


Calcite veins 
and cavity fill 


Rock Pp ipally of feldsp 
phenocrysts have glassy armor. 


4 4 
pr 





Iddingsite ghosts 
up to 0.7 mm. 


Magnetite xls. up to 
0.5 mm. 


In phenocrysts and 
magnetite. Up to 
2 mm. in ground- 
mass. 


Opal and 
tridymite 
amygdules 


Pasty groundmass with feldspar laths, minute 
specks, needles, rods, and light yellow-green 
alteration material. 





Small inclusions in 
phenocrysts. Plenti- 
ful in groundmass. 
Alters to greenish 
material. 


Serpentine and 
olivine ghost xls. 
Spherulitic 
serpentine. 


Magnetite and pyrite 
grains, ilmenite; 
limonite, leucoxene 


Large, fat, stubby 
xis. 


Highly analcitized rock. Suggests originally 
more potash feldspar. Greenish alteration 
material has peculiar reddish pleochroic color 
characteristic of sodic rocks. 





South flank 
of Red Bluff 


Altered 
analcime 
plagioclase 
syenite (7) 


Medium-grained, 
porphyritic 


As alteration 
product and re- 
placement after 
feldspar 


(Probably bulk of 
original feldspar was 
alkali) 


Labradorite (An65) 
phenocrysts up to 
2.5mm. Armored 
laths. 


Zoned, titaniferous 
(purplish) aug. xis., 
up to 2.5 mm., 
hosts to apatite and 
ores. 


Long, thin, fresh 
shreds 


Idding site and 
limonite ghosts, up 


Magnetite, pyrite, 
ilmenite; leucoxene 


Small xls. 


Spherulitic to 
fibrous zeolites 


Little fibrous 


Deuteric alteration extensive. Practically 
indeterminate. Calcite in cavities. 


Seriate xls. Deuteric action; rock appears 





Altered 
analcime 
plagioclase 
micro- 
syenite (7) 


Uncovered 
sill (7?) or 
plug (7) 


Diameter: 
1/2 mile 


Fine-grained, 
subequigranular 


As deuteric 
product and 
cavity fill 


Altered laths and sub- 
quadratic xls. more 
abundant than 
plagioclase 


Altered laths show 
albite twinning 


Microlites and 
crystallites of 
augite 





Hill 3700 
(sw) 


Andesite 


Length: 
1 mile 
Width 
few feet 


Microporphyritic 
(subtrachytic) 


Andesine (An35) 
laths, up to 0.3 mm., 
in feldspathic paste. 





Hill 3580 
(sw) 








Trachy- 
basalt 








Diameter 
0.1 mile 





Fine-grained, 
porphyritic 








Anorthoclase pheno- 
crysts, 0.7 x 0.6 mm., 


grid twinning. Alkali 
laths and stubby xis. 





Alkali armored pheno- 
crysts, zoned (An63 to 
An30), up to 2.2 x 1.3 
mm. Seriate laths. 





Much light green 
serpentine material 
in groundrnass 


Magnetite grains and 
xis. 


zeolite 


fresh, but practically indeterminate. Calcite 


in cavities and alteration product. 





Magnetite xls. up to 
0.2 mm. Limonite. 


Minute 
perovskite (7) 
grains 


Light colored pasty groundmass with iron ore 
specks and minute plagioclase needles. Calcite 
abundant (xls. up to 0.3 mm.). 














Magnetite grains and 


leucoxene 





xls., ilmenite; limonite, 


Few small xls. 








Calcite from 
calcic feldspar 
and in vesicles 





Microperthitic. Excellently zoned and armored 
feldspar. 
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LOCALITY 


ROCK 


ANALCIME 


FELDSPAR 





PLAGIOCLASE 


BIOTITE 


OLIVINE, 
SERPENTINE, 
IDDINGSITE 


ORES 


APATITE 


OTHER 
MINERALS 


REMARKS 





Dome just 
north of 
Hill 4142 
(SE) 


Analcime 
trachybasalt 
porphyry 


(badly 
weathered) 


As cavity 
fillings and 
replacement 


type 


Groundmass laths. 


Zoned and armored An64 
phenocrysts up to 3.5 mm. 


Minute inclusions in 
plagioclase 


Antigorite (?) after 
olivine (7). Serpen- 
tine material in 
groundmass. 


ilmenite; limonite, 
leucoxene 


Magnetite grains, rare 


Fat, stubby xls. in 
clots with altered 
mafics 


Calcite after more 
calcic plagioclase 


Serpentine, calcite, and analcime as alteration 
products. 








North 
Pitahaya 
Hill 


Analcimitic 
trachy- 
dolerite 


Uncovered 
sill 


Little primary 
and interstitial 


Considerable 
amount 


Labradorite 


Purplish augite 
xls. up to 1.5 
mm. 


Olivine xls., up to 
1 mm., hosts to 
feldspar laths 


Magnetite grains and 
xis. 


Few xls. 


Seriate grain size. Specimen fresh. 








Hill 3604 
(SE) 


Analcime 
trachybasalt 
porphyry 


Uncovered 
sill 


Turbid to clear 
inter stitial, re- 
placement, and 
cavity fill 


Few phenocrysts 
and as ground- 
mass xis. 


Plagioclase laths in 
groundmass. 


Zoned and armored An60 
phenocrysts up to 7 mm. 


Purplish augite 
xis. Some with 
hour glass 
structure. 


Flakes 


Serpentine-olivine 
xls. up to 2 mm. 
Serpentine in 
groundmass. 


Magnetite grains. 


to 0.5 mm. 


Imenite-leucoxene, up 


Xls. up to 1 mm. 
long 


Sperulitic zeolites 
as alteration of 
feldspar 


Strikingly porphyritic. Groundmass xls 
average 0.1 to 0.2 mm. 








Hill 3683 
(SE) 


Analcime 
syeno- 
gabbro (7?) 
porphyry 


Fine- to medium- 
grained, 
porphyzitic 


Cloudy to clear 
interstitial and 
replacement 


Relatively high 
% anorthoclase. 
Alkali ground- 
mass laths 
average 0.3 mm. 


average 0.3 mm. 


Zoned and armored lab. 
pheno. av. ! x 1.5 mm. 
and partly replaced by 
analcime. Plag. laths 


Gray to purplish 
subhedral 
augite xls. 


Rare flakes 


Serpentine from 
olivine 


Magnetite grains and 


small xls. Trace pyrite. 


Numerous needles 


Chlorite. Little 


calcite. 


Clusters of serpentine, olivine, magnetite, 
and augite. 








Terlingua 
Creek 
0.3 mile 


Analcime 


Fine- to medium- 
grained, 
subequigranular 


Clear to turbid 
interstitial patches 
up to 1.3 mm. 


Perhaps equal 
in % to plagio- 
clase 


1.5mm. Bundles of 
smaller laths. 


Armored An60 xls. up to 


Titaniferous 
augite 


Rare flakes 


Serpentine ghosts 
after olivine. 
Serpentine (7?) in 


Pyrite and magnetite 
grains and small xls. 


Needles and small 
xis. 


Sperulitic zeolites 


Much deuteric alteration of minerals to 
serpentine, analcime, and zeolites. Exact 
classification indeterminate. 


Up to 50 feet groundmass. 


thick. 


west of 
Panther 
Mourtain 





Highly altered. Probably more plagioclase 
than alkali feldspar. Some completely 
altered plagioclase cores have fresh alkali 


Fat, stubby xls. and 
irregular shapes 


Fibrous zeolites. 
Little calcite. 


Magnetite and pyrite. 
LImenite-leucoxene. 


Serpentine-olivine 
xis., up to 1.7 mm., 
hosts to apatite. 
Serp. in groundmass 


Flakes outline 
analcime ocelli 


Purplish, 
twinned augite 
xls. up to 2 
mm. Small xls. 
in groundmass. 


Zoned and armored 
labradorite phenocrysts 
up to 8mm. Alkali rims 
on plagioclase laths. 


Turbid. Inter- Groundmass 
stitial, replace- laths. Stubby 
ment, ocellar. xls. Armor on 
plagioclase. 


Fine-grained, 
porphyritic 


\Uncovered | Diameter: 
sill 0.1 mile 


1-1/2 miles 
due north 
of Pack- 
saddle 
Mountain 


basalt (7) 
rims. 


porphyry 





Plagioclase rich rock. Clots of fine-grained 
aug’ .e and ore grains in feldspathic paste. 
Amygdules of calcite, analcime, and 
zeolites. 


Small elongate xis. Fibrous to spheru- 


litic zeolites 


Magnetite grains and 
small xls. 


Olivine xls., up to 
1.3 mm., serpen- 
tine along cracks. 
Both in groundmass. 


Zoned and armored An62 
pheno., up to 4.5 mm., 
poikilitic to augite, mag- 
netite, and olivine. Plag. 
groundmass laths. 


Augite grains 


Few groundmass 
and small xls. 


laths. 


Interstitial, 
replacement, 
and vesicle fill. 


Fine-grained, 
porphyritic 


Diameter 
0.15 mile 


Analcime 
basalt 
porphyry 


Black Hill 





Seriate mafics show lineation. Plagioclase 


Calcite as cavity 
laths in bundles. Fresh specimen. 


material 


Magnetite grains and 
xls. up to 0.7 mm. 


Olivine (0.5 to 
1 mm.) 


Abundant laths, zoned 
An53 to An40 


Augite xls«hosts 
to plagioclase 


Few xls. up to 


Clear, primary, 
O5% 0.4 mm. 


inter stitial 


0.5 0.1 
mile 


Fine-grained, 
subequigranular 
(trachytic and 
ophitic) 


Exceedingly fine- 
grained with few 
plagioclase xls. 
(subtrachytic) 


Hill 3550 
(SE) 





Super chilled rock. Feldspathic paste with 
minute laths and grains of plagioclase, 
magnetite, olivine, and augite. Aphanitic 
hand specimen. 


Unusually abundant 
minute magnetite 
grains 


Olivine grains and 


Seriate zoned and armored] Minute augite 
xls. up to 0.6 mm. 


An65 laths up to 1.5 mm. | grains 
Poikilitic to olivine and 
magnetite grains. 


Slight alkali 
armor on 
plagioclase 


Length: 

2.2 miles 
Width: 

10 to 12 feet 


Fizzle 
Flat 








Magnetite grains, xls., Some alignment of feldspar laths. 


and small inclusions in 
feldspar 


Numerous small 
slightly serpen- 
tinized olivine xls. 


Faint purplish Small wisps 
augite xls. up to 


1.8 mm. 


Slightly zoned and 
armored An63 to An55 
xls., up to 1.2 mm., with 
minute inclusions. Slender| 
laths (0.2% mm.). 


Little as rims 
and crude 
perthitic 
intergrowth 


Little interstitial 
and as alteration 
of plagioclase 


Fine- to medium- 
grained, seriate 
(ophitic) 


Diameter: 
0.2 mile 
Thickness: 
202 feet 


Hill 3494 Flow (?) 


(sc) 


Analcimirtic 
diabasic 
microgabbro| 





Thin section fresh; hand specimen appears 
badly weathered. 





Calcite fills 
vesicles and 
cracks 


Small grains and rods 


Olivine xls., up to 
of magnetite (7) 


2 mm., alter to 
idding site 


Aug. grains and 
xls., up to 2 mm., 
hosts to lab. and 
idding site 


Very little lath shaped An67 xls. 
up to2 mm. Abundant 


plagioclase laths. 


Analcimitic Length: 
diabasic 22 miles 
mic rogabbro| Thickness: 
252 feet 


South flank 
of Hill 
3903 (SW) 





Seriate grain size in groundmass. Clear 
labradorite phenocrysts, 2* inches long. 
Chilled rock, 





Slightly serpentin- Magnetite grains 
ized olivine grains 
and xls. up to 0.8 
mm. Also in 
groundmass. 


Little as thin Very large, clear, An60 Small augite 
armor on large phenocrysts. Plagiociase | xis. 
plagiocl gt d laths, 0.3 to 
phenocrysts 0.4 mm. 


1/2 1/2 Inter stitial 
mile within 
quadrangle 
(extends be- 
yond map) 


Black ridge | Anaicime 
1-1/2 miles} basalt 

SW of Agua | porphyry 
Fria Mt. 


porphyritic 











Pasty groundmass with laths and stubby 
plagioclase, minute ore and olivine grains. 
Seriate iron rich olivine is biaxial negative. 
Chilled rock. 


Euhedral olivine -| Magnetite grains 
xls., up to 0.8 mm., 
serpentine along 
cracks. Olivine 

in groundmass. 


Small augite Rare minute flakes 
xis. and 


microlites (?) 


Little as rim on 
plagioclase 
feldspar 


Slightly zoned and thinly 
armored An60 pheno- 
crysts, up to 2 mm., 
poikilitic to magnetite, 
olivine, and augite grains. 
Seriate plagioclase laths. 


Fine-grained, 
porphyritic 


Olivine 
basalt 
porphyry 


Hill 3580 Length: 
(sw) 0.1 mile 

Width: 

1 to 2 feet 








Pasty groundmass. Rock is feldspar poor. 
See Lonsdale (1940, No. XX of Table !7) 
for chemical analysis. 


Scattered magnetite 
grains 


Abundant olivine 
up to 1.5 mm. with 
serpentine along 
cracks 


Minute Ané64 laths in 
paste 


Abundant gray, 
zoned augite xls. 
up to 1.5 mm. 


Practically 
none 


Fine- to medium- | Trace (?) 


grained, seriate 


Diameter: 
0.2 mile 


Picritic 
basalt 


Black Hill 
1 mile SW 
of Pack- 

saddle Mt. 





Low % clouded, pasty, feldspathic ground- 
mass; zeolitized feldspar probably 
labradorite; biotite indicates alkaline 
affinity of mafic rich rock; secondary 
calcite. 





Fibrous and 
spherulitic 
zeolites 


Abundant serpen- Magnetite grains Present 
tine-olivine xls. 


up to 1.5 mm. long 


Abundant zoned, 
twinned, and hour 
glass euhedral 
augite xls. up to 
1 mm. 


Flakes up to 
0.5 mm. long 


Very small (labradorite?) 
laths, up to 0.5 mm. 


Possibly little 
originally present 
in groundmass, 
but highly altered 


Clouded, plentiful 
in groundmass 


Fine- to medium- 
grained, seriate 


Analcime Sill Length: 
alkali (upper) 1/4+ mile 
basalt Thickness: 
15 to 20 feet 


Terlingua 
Creek 

0.3 mile 
west of 
Panther 
Mountain 
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IGNEOUS PETROGRAPHY 


the northeast structural trends of the sub- 
urface Paleozoic rocks. 


Normal Faults 


Both folding and faulting are widespread in 

he Big Bend sunken block, but normal faults 

the most important structural element in 

he Agua Fria quadrangle. Even in domical 

plifts, such as Packsaddle Mountain, and in 

ap-doors, such as Gray Hill, faulting rather 

han simple folding chiefly governs the result- 

ng structure (Fig. 3). Many faults in the area 

in pairs, and two faults may extend 

allel for miles. More of the narrow inter- 

g fault blocks are grabens than horsts, 

ad rift valleys are not uncommon. Notable 

srabens are the rift valley in the Boquillas in 

he extreme northeast corner of the quadrangle 

nd the block composed of Gulf Cretaceous 

and Tertiary strata of which Paint Mountain 
is a part. 

The trend of the major faults is northwesterly 
exept in the southern part of the quadrangle, 
where the strike of Tascotal Mesa fault, for ex- 
ample, changes from northwest to due west. 
This decided change indicates that Panther 
Mountain, Agua Fria Mountain, and the 
Solitario have influenced structural conditions 
tremendously in this part of the quadrangle. 

The throw of most of the major faults 
amounts to hundreds of feet, and the trace of 
many is marked by a prominent fault scarp 
(Table 2). From northeast to southwest, with 
fey exceptions, the northwest-trending faults 
are progressively downthrown to the southwest. 

Cheosa Waterhole fault is, more specifically, 
a fault zone; the faulting, especially northwest 
of Terlingua Creek, consists of numerous rela- 
tivdy short echelon faults that cut the rocks 
into slivers, This fault zone, like many other 
faults of the area, dies out to the northwest. 

The normal faults that bound the Riddle 
Ridge (C) horst on the northeast and south- 
West are practically vertical, and apparently 
the same two faults continue in a northwesterly 
direction under a gravel cover (Pl. 1). If so, 
the faults are pivotal, for the vertical movement 
uorthwest of the supposed axis of rotation (posi- 
ton concealed by gravel) is in the opposite 

to that southeast of it. Thus the 
that is a horst at its narrow southeast 
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end widens and develops into a graben to the 
northwest. 

Hill 3564, southwest of Packsaddle Moun- 
tain, is a significant horst, because the tele- 
scopic structural effect described in the discus- 


TABLE 2.—EsTIMATED STRATIGRAPHIC THROW 
or SEVERAL Major FAavtts 








Approximate 


Fault throw in feet 


Position 








500 
500 


Old Stage Stand 
Hale Cabin 


Old Stage Stand 
Alpine-Terlingua 

road 
Alpine-Terlingua 

road 
Clanton-Agua Fria 

ranch road 
Paint Mountain 
Hill 3903 


Cheosa Waterhole 800 


Fizzle Flat 500 


1000+ 
2200+ 


Tascotal Mesa 
Solitario 











sion of Agua Fria Mountain is well developed 
in the Boquillas flags in this hill. Perhaps an 
uncovered igneous intrusive is responsible for 
this type of structure, in which a concentric 
fault pattern develops with beds nearer the 
structural center of the hill pushed progres- 
sively higher than those nearer the periphery. 

Many of the faults at Packsaddle Mountain 
and Agua Fria Mountain are at right angles to 
the general northwesterly structural trend of 
the area. These local faults, several of which 
are radial, probably resulted directly from the 
intrusions. A narrow fault block of Aguja sand- 
stone fringes the west escarpment of Agua Fria 
Mountain, and a small block of Boquillas lime- 
stone on the north side of the mountain has 
also been elevated by the intrusion. 

AGE OF THE FAULTING: Most faulting in the 
Agua Fria quadrangle occurred in Tertiary 
time, possibly fairly late, because the Buck 
Hill volcanic series is involved. The local 
radial faults associated with plug and stock-like 
masses probably originated at the time the 
Tertiary igneous rocks were intruded. Tascotal 
Mesa fault probably is younger than or con- 
temporaneous with the Agua Fria intrusion, 
because that igneous mass definitely controls 
the fault pattern of the area surrounding it. 

Part of the fault pattern in the Agua Fria 
quadrangle may have been established during 
the Laramide revolution at the close of Cre- 
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taceous time, so that renewed movements oc- 
curred along the existing fault zones during 
Tertiary time. Evidence for this conclusion is 
found at Hill B.M. 3540 and Hill 3546 in the 
central part of the quadrangle, less than 14 
miles apart. Hill B.M. 3540 lies slightly north- 
east of the Cheosa Waterhole fault zone, and 
Hill 3546 is within the zone. Both hills are 
capped by seemingly correlative Tertiary lime- 
stones. That at Hill B.M. 3540 rests on beds 
of the Fizzle Flat lentil, but between the base 
of the limestone at Hill 3546 and the top of 
the Fizzle Flat lentil are 83 feet of tuffaceous 
material, 16 feet of basal Tertiary conglomerate, 
and 57 feet of medium gray Terlingua (?) beds. 
At least 156 feet more section is preserved 
under the limestone on the downthrown side of 
the fault than on the upthrown. This suggests 
that Hill B.M. 3540 either stood so high that 
the members of the Buck Hill volcanic series 
older than the limestone cap were never de- 
posited on it, or else they were deposited and 
subsequently eroded so that the fresh-water 
limestone was deposited on the Fizzle Fiat 
lentil. In either event, sufficient displacement 
had already taken place prior to the deposition 
of the Tertiary limestone to preserve an addi- 
tional 156 feet of sediments on the downthrown 
side of the fault. Perhaps at this particular 
place the faulting was a slow but continuous 
process that lasted from Laramide time to 
post-fresh-water limestone time, because the 
Tertiary limestone at Hill 3546 has been folded 
and distorted by faulting, even though it still 
maintains essentially the same elevation as the 
limestone at Hill B.M. 3540. 


Domes 


Folding is expressed appreciably in the quad- 
rangle only in highly faulted domes. The best 
trap-door dome is Gray Hill. Other possible 
trap-doors or domes similar to them include 
Red Bluff and Panther Mountain. The Solitario 
and the small patch of Boquillas flags just east 
of the Alpine-Terlingua road at the south 
boundary of the area are typical domes. Hill 
3564 southwest of Packsaddle Mountain is a 
dome-like uplift with a ground plan the shape 
of a flat-iron and with concentric faults that 
operated in a telescopic manner. Half Dome 
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(SC) and the area just west of north Pitahay 
Hill are domes that have been cut in half } 





older li 
ormit) 











faulting. Fizzle Flat and the area northeast ¢ 
the intersection of Hale Cabin fault and th 
Alpine-Terlingua road might be included in; 
similar category. These very broad upwarp 
the axes of which plunge gently to the northeas 
and are at right angles to the faults, form ven 
broad half-dome structural features. A test wel 
for oil drilled at the crest (just east of th 
road) of the gently arched upthrown fault blod! 
northeast of the Hale Cabin fault was dry ani 
abandoned. 








Geotocic History 


Late in Paleozoic time, the dominantly 
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clastic sediments of the Marathon geosyncline 
were buckled, folded, and overthrust to 


northwest. This diastrophism established thig 


prevailing northeast trends in the Mara 
and Solitario areas and obliterated the P 
ozoic geosyncline. From late Paleozoic to early 
Cretaceous time the area stood above sea level 


and was eroded. Exposures in a deep and nar# 


row canyon on the east flank of the Solitari 
reveal that, when the earliest Coe 


in sequence, follow several hundred feet of 
Glen Rose limestone, a few tens of feet 












small amount of Aguja, are marine. Adkingcbbles o 


(1933, p. 505-508) points out that some of 






upper Aguja beds are nonmarine, but few, iféerived Ic 





these strata are cut by faults. If a fault systempft an ig 
developed in late Cretaceous time, presumablypy the tim 


the late Tertiary faulting recurred along thes4 





















sider lines of weakness. The angular uncon- 


half biformity which separates the basal Tertiary 
heast dficonglomerate from the east-dipping Comanche 
and thfand Gulf Cretaceous formations on the north- 


east flank of the Solitario indicates that this 
structure, although not in its present form, be- 
siicame a positive element during the Laramide 
yprevolution. 

Because the Santiago Mountains to the 
vinortheast also originated during the Laramide 
ilt blod#revolution, the Agua Fria area has probably 
dry anipbeen structurally negative since the close of 

Cretaceous time. 
The erosion that resulted from the regional 
Laramide uplift removed all strata down to 
the Fizzle Flat lentil in the northern part of 
ninantlypthe Agua Fria quadrangle, but the section up 
synclingthrough the lower Aguja beds is preserved in 
- to thiithe south. Therefore, the basal Tertiary con- 
hed thiiglomerate, because of the widespread angular 
farathomunconformity, rests on the beveled edges of 
he PaleSprogressively younger Cretaceous strata from 
to earlyjnorth to south within the quadrangle. In the 
sea leveladjoining Buck Hill quadrangle to the north, 
and narjthe conglomerate rests on the Boquillas flags; 
Solitariqand, according to Goldich and Elms (1949, p. 
ous seagll73): “The persistence of the basal Tertiary 


andstongconglomerate suggests that a similar break 
» beveledpmight be expected between the Tornillo forma- 
a. Thengtion, if it is of Cretaceous age, and the Chisos 


feet olfbeds in the Chisos Mountains area.” Appar- 
"feet aljently Udden’s sunken block has exerted a 
feet olfdominant regional influence on erosion, deposi- 
1, Budajtion, and preservation of strata in the Big Bend 
area during Tertiary time. 
ithin the The basal conglomerate of the Pruett con- 
ion of #ssts principally of well-rounded pebbles and 
. Adkingcobbles of Comanche limestones. Chert is also 
ne of theft constituent, and more angular materials were 
t few, illderived locally from underlying Cretaceous for- 
wreservedmations, The lack of igneous pebbles and cob- 
h is wellles in the conglomerate suggests either that 
osited inpgneous activity in the area had not commenced 
joved bypt the time the conglomerate was laid down or 
mideftat the igneous rocks had not yet been exposed 
0 erosion. The appearance of igneous pebbles 


the dep-#ad cobbles in younger breccias and conglom- 
ries, foyftates of the Buck Hill volcanic series indicate 
it systemPiat an igneous source was supplying materials 


ssumablypy the time these beds were deposited. 
ng these 


Goldich and Elms (1949, p. 1173-1175) have 
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presented a detailed account of the history of 
the Buck Hill volcanic series which applies also 
to the Agua Fria quadrangle. The following 
points have been abstracted from that reference. 

(1) Several widely spaced localities exhibit 
the regional angular unconformity between 
Cretaceous strata and the Tertiary volcanics. 

(2) The Pruett is tentatively assigned to the 
Eocene on the basis of fossil gastropods in the 
fresh-water limestones, and the Duff formation 
is tentatively assigned to the Oligocene. 

(3) Tertiary deposition probably was not 
continuous; undoubtedly materials were re- 
worked and locally removed by streams. 
Breaks in the tuffs can escape detection be- 
cause of the nature of the materials. 

(4) Stratification of the tuffs and fresh-water 
limestones indicate that much of the Pruett 
was probably deposited in large temporary and 
shallow lakes. 

(5) The high CaCO ; content of the lower 
part of the Pruett suggests a mechanical deriva- 
tion from exposed Cretaceous rocks, but some 
of the thick limestone sequences were precip- 
itated. Algal structures and charophytes sug- 
gest an organic origin for much of the limestone. 

(6) The source of the volcanic ash is prob- 
lematical. The finer material could have come 
from great distances, but the breccia-conglom- 
erates probably were derived from near-by 
sources. 

(7) The intrusions, although all may not be 
of the same age, antedate the late faulting and 
indicate activity in late Tertiary time. In the 
southwestern part of the Jordan Gap quad- 
rangle, igneous plugs intruded the younger 
Tascotal tuff beds. (Perhaps it was also at this 
time that a laccolithic intrusion raised the 
Solitario-dome like a huge blister, which be- 
came the crest of the more extensive Solitario 
uplift.) 

(8) The time of folding and faulting of the 
Buck Hill volcanic series is at least late Ter- 
tiary and is older than the basin fill and alluvial 
deposits of the region. 

(9) Since the late Tertiary uplift, erosion has 
removed a great thickness of the volcanic 
series, forming Green Valley and again exposing 
the Cretaceous strata. Terraces (west of Ter- 
lingua Creek near Clanton ranch) and alluvial 
deposits indicate that the process has been 
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controlled by temporary base levels, and the 
present active downcutting indicates recent 
rejuvenation. 


Economic GEOLOGY 


Several structures that would make excellent 
oil traps are present in the Agua Fria quad- 
rangle, but all tests for petroleum in the area 
have been unsuccessful. The Tertiary igneous 
rocks have intruded the sediments which would 
be the potential reservoir rocks, thereby de- 
creasing porosity and permeability in some 
cases. Thermal effects would tend to destroy 
any hydrocarbons that may have been present 
when the domes were formed. 

Copper prospects in the Solitario are reported 
by Baker (1935b, p. 412), and traces of native 
copper were found in the Boquillas flags on the 
northeast flank of the Solitario. But copper in 
commercial quantities probably does not occur 
in the Agua Fria quadrangle. 

The same can be said of hematite, a few 
loose specimens of which were found on the 
northeast flank of Packsaddle Mountain. These 
are probably erosional remnants from the Aguja 
sandstone. 

In this semidesert country which is devoted 
exclusively to ranching, water is by far the 
most important economic mineral. Agua Fria 
Spring, the most dependable and best supply 
of water in the quadrangle, is literally an oasis 
in the desert. Its output, apparently dependent 
upon the amount of rainfall received during 
the preceding year, fluctuates somewhat from 
year to year, but the spring has never run dry. 
There are several permanent water-holes and 
short stretches along Terlingua Creek, the 
greater extent of which is intermittent, and 
relatively shallow water wells dug near the 
creek are usually successful. Water in the 
northeast portion of the quadrangle is very 
scarce and must be pumped there through 
pipe-lines from Terlingua Creek and other 
sources. The area as a whole relies for its 
water for stock on surface run-off that collects 
in earthen tanks during and after cloudbursts, 
which are fairly common during the summer 
months. 

Mansfield and Boardman (1932, p. 55-57) 
reported a nitrate deposit “without commercial 
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possibilities” at Agua Fria Spring. The miner 
from the deposit were described by Lonsd 
(1926) as niter and soda niter. 
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FoREWORD 


The following bibliography consists of refer- 
ences to published literature, press releases, 
speeches, and both open-file and other un- 
classified reports dealing with uranium, tho- 
tum, and other radioactive occurrences in 
Arizona, Nevada, and New Mexico. It repre- 
sents the first section of a comprehensive bib- 
liography planned to cover references to all 
similar deposits throughout the world. While 
the object has been to make the present bib- 
liography as all-inclusive as possible, from the 
point of view of including all the major papers 
and at least one reference to each known radio- 
active occurrence in these States, only references 
for which the original text was readily available 
for examination and checking have been cited. 
The remaining old and new references will be 
added to this basic list when the section is ready 
for inclusion in the comprehensive volumes, 
Planned for future publication as a complete 
bibliography of the entire United States and 
the world. 

The main bibliography consists of an author 
section, in which each reference has been as- 
signed an individual item number. Following 
the author listings are the anonymous notes, 
which are listed in chronological order, and 
alphabetically by title within each year. The 
bibliography proper is followed by three in- 
dexes: Index I, Gazetteer for Arizona, Nevada, 





and New Mexico; Index II, Geographical In- 
dex for Arizona, Nevada, and New Mexico; 
Index III, Subject Index for Arizona, Nevada, 
and New Mexico. The geographical and subject 
indexes have been made as detailed as practica- 
ble since the main reference entries have not 
been annotated. Where there are variations in 
spelling or alternate names for the same local- 
ity, a standard form has been used in the 
geographical and subject indexes, and the 
variations have been noted in the gazetteer. 
Where county boundary lines have been 
changed since a reference was written, the 
locality has been listed under the county 
in which it is found today. 

A fairly extensive survey has been made of 
the geological and mining literature published 
through 1949 in compiling the references in- 
cluded in this bibliography. A few of the stand- 
ard American and English geological and min- 
ing publications have also been reviewed upon 
the early part of 1952. Every reference cited 
in the bibliography has been checked with the 


original text. 
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Gio Maing District: See New Mexico-Lincoly 
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— Mts.: See New Mexico-Lincoln Co., 8, 74 
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Glen claims: See Arizona-Pima Co., 103. 
Globe: See Arizona-Gila Co., 17, 41. 
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= Canyon: See Arizona-Coconino Co., 15, 16, 


17. 

Hanover: See New Mexico-Grant Co., 45. 

Happy Jack mine: See Arizona-Santa Cruz Co, 
7, 81, 82, 103. 

Harding mine: See New Mexico-Taos Co., 64, 6, 
98, 141. 

Harding pegmatite: See New Mexico-Taos Co., 65. 

a 9 Mining District: See Arizona-Santa Cruz 

o., 81. 

Haystack Mt.: See New Mexico-McKinley Co., 180. 

Haystack Mountain Development Co.: See New 
Mexico-Valencia Co., 177. 

oe See Nevada-Nye Co., 131, 132, 
137, 158. 


Hillside mine: See Arizona-Yavapai Co., 3, 17, 83, 
103, 138, 151. 

Holbrook: See Arizona-Navajo Co., 144. 

“Howard” claim: See Arizona-Cochise Co., 103. 

Humdinger claim: See Nevada-Clark Co., 37. 


I 
Iris claims: See Arizona-Pima Co., 103. 


J 


Jerome: See Arizona-Yavapai Co., 2, 23. 
Jerome Copper mine: See New Mexico-Socorro Co., 
40, 60. 


Jim Kane mine: See Arizona-Mohave Co., 103. 
J. M. Pope’s claims: See Arizona-Pima Co., 110. 


K 


Kate No. 3 claim: See Arizona-Pinal Co., 103. 
Kayenta area: See Arizona-Navajo Co., 7, 72. 
Kingman: See Arizona-Mohave Co., 17, 30, 103. 
Kingman Feldspar mine: See Arizona-Mohave Co. 
Kinusta Mesa: See Arizona-Apache Co., 52. 
Kithil, Camp: See New Mexico-Grant Co., 111, 112 


L 


Laguna Indian Reservation: See New Mexico 
Valencia Co., 170, 177, 180, 181. 

Lake View claim: See Nevada-Clark Co., 37. 

Lake View No. 1 claim: See Nevada-Clark Co., 37. 

Las Tablas: See New Mexico-Rio Arriba Co., !9, 
40, 69. 
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Las Vegas area: See New Mexico-San Miguel Co., 


68, 09. 
Leach claims: See New Mexico-Grant Co., 113. 
Lee’s Ferry: See Arizona-Coconino Co., 21. 
Lena claims: See Arizona-Pima Co., 103. 
Limitar Mts.: See New Mexico-Socorro Co., 40. 
Lobato mine: See New Mexico-Rio Arriba Co., 
19, 69. 
Los Cerillos: See New Mexico-Santa Fe Co., 11. 
Lucky Bill mine: See New Mexico-Grant Co., 114. 
Iukachukai Basin: See Arizona-Apache Co., 150, 


166. 

[ukachukai District: See Lukachukai Mts., Ari- 
sna-Apache Co., 51. 

Lukachukai Mts.: See Arizona-Apache Co., 51, 63, 
17, 153, 167, 169, 185. 

Lukachukai Mts.: See New Mexico-San Juan Co., 
185, 186. 


Mc 
McElmo laterite: See Arizona-Navajo Co., 72. 


M 


Magma mine: See Arizona-Pinal Co., 45. 

Majuba Hill: See Nevada-Pershing Co., 84. 

Marble Canyon: See Arizona-Coconino Co., 21. 

Memphis King mine: See New Mexico-Dona Ana 
Co., 160. 

Mercer-King Consolidated Mines, Ltd.: See Ari- 
zna-Gila Co., 125. 

Merry Widow claim: See New Mexico-Grant Co., 
28, 57 


Merry Widow mine: See New Mexico-Grant Co., 
112, 127. 

 § Four-and-a-Half: See Arizona-Apache Co., 
1. 

Mesa V: See Arizona-Apache Co., 51. 

Miami Mining District: See Arizona-Gila Co., 2, 


24. 

Midas: See Nevada-Elko Co., 156. : 

_ Rio Grande Valley: See New Mexico, 74, 
5. 

Miller mine: See New Mexico-Rio Arriba Co., 42. 

a Mts.: See Arizona-Mohave Co., 2, 23, 24, 
1 


Mohawk property: See Nevada-Esmeralda Co., 171. 
i: Valley: See Arizona-Navajo Co., 2, 7, 


Morrison formation: See Arizona-General, 22. See 
Colorado Plateau, 22. See New Mexico-General, 
22; New Mexico-McKinley Co., 77; New Mexico- 
Valencia Co., 89. 

— (McElmo) sandstone: See Arizona-Apache 

0., 23. 
Morristown: See Arizona-Maricopa Co., 17. 
Muggins Mts.: See Arizona-Yuma Co., 97. 


N 


Natalia claims: See Arizona-Pima Co., 103. 

Navajo Bridge: See Arizona-Coconino Co., 21. 
Navajo Country: See Arizona-Navajo Co., 72. 
Navajo Indian Reservation: See Arizona-Apache 
Co. 1, 7, 16, 41, 63, 78, 82, 87, 108, 109, 140, 
ie = 149, 150, 161, 164, 166, 167, 169, 178, 


Navajo Indian Reservation: See Arizona-Navajo 
Co, 178, 184. 

Navajo Indian Reservation: See New Mexico-San 
Juan Co, 87, 140, 161, 172, 178, 185, 186. 


North Star mine: See Nevada-Nye Co., 135. 
Nunn claim: See Nevada-Clark Co., 37. 


Oo 


a. ay amr Kingman: See Arizona-Mohave 
0., 17. 

Octave: See Arizona-Yavapai Co., 119. 

= — No. 1 claim: See Arizona-Santa Cruz Co., 


Oljeto: See Arizona-Navajo Co., 72. 
= . Haystack: See New Mexico-Valencia 
‘o., 170. 
Organ: See New Mexico-Dona Ana Co., 160. 
—_— District: See New Mexico-Dona Ana 
0., 69. 
Oro Blanco Mining District: See Arizona-Santa 
Cruz Co., 103. 
Otto Forester’s radium mine: See New Mexico- 
Grant Co., 19. 


4s 


Palisade: See Nevada-Eureka Co., 26. 
ae Chief mine: See Arizona-Pima Co., 103, 
Papago Mining District: See Arizona-Pima Co., 


Parker Creek Canyon: See Arizona-Gila Co., 43. 

— Mining District: See Nevada-Lincoln 
0., 80. 

Peralta Canyon: See New Mexico-Sandoval Co., 


Peraulta Canyon: See Peralta Canyon, 69. 

—o See New Mexico-Rio Arriba Co., 19, 35, 

Petaca Mining District: See New Mexico-Rio Arriba 
Co., 19, 40, 42, 54, 66, 69, 70, 100. 

Phelps Dodge camp at Tyrone: See New Mexico- 
Grant Co., 56. , 
Pidlite pegmatite: See New Mexico-Mora Co., 70. 

Pinon Range: See Nevada-Eureka Co., 26. 

Pioche: See Nevada-Lincoln Co., 34, 82. 

~~ Spri National Monument: See Arizona- 
ohave Co., 21. 

a Mining District: See New Mexico-Sierra 
0., 69. 

Polvadera Hills: See New Mexico-Socorro Co., 50. 

Pope’s claims: See Arizona-Pima Co., 110. 

Prescott: See Arizona-Yavapai Co., 168. 

President mine: See New Mexico-Colfax Co., 104. 

Prewitt: See New Mexico-McKinley Co., 63, 180. 

Prince of Arizona mine: See Arizona-Maricopa Co., 

94, 


Q-R 

Radium: See Arizona-Gila Co., 125. 

Radium Hot Springs: See Arizona-Yuma Co., 97. 

Rainbow claims: Nevada-Nye Co.-Heneberg 
property, 137, 143. 

Rainbow claims: See Arizona-Mohave Co.-W. of 
Pipe Springs National Monument, 21. 

Ra-Tor Mining and Manufacturing Co. claims: 
See New Mexico-Grant Co., 121. 

err claims: See New Mexico-Grant Co., 


— camp area: See Arizona-Maricopa Co., 36, 

8. 

Recapture sandstone: See New Mexico-Valencia 
Ce. 33. 

Red Bluff claims: See Arizona-Gila Co., 103. 
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Red Bluff Prospect: See Arizona-Gila Co., 43. 
Red Cloud Canyon: See New Mexico-Lincoln Co., 


76. 
 - Cloud mine: See New Mexico-Lincoln Co., 8, 
a Cloud prospect: See New Mexico-Lincoln Co., 


Red Hills claims: See Arizona-Mohave Co., 103. 
Red Rock: See Arizona-Apache Co., 51, 52, 144, 
166 


Rich Hill: See Arizona-Yavapai Co., 119. 

Rink claim: See Nevada-Lyon Co., 128. 

aa - ~ River sands: See New Mexico-Valencia 
0 

~~ Grande Valley, Middle: See New Mexico, 74, 


ace Canyon: See Nevada-Humboldt Co., - 

Roosevelt Dam area: See Arizona-Gila Co., 43 

Rough Mt.: See New Mexico-Lincoln Co., 8, 76. 

Round Mt.: See Nevada-Nye Co., 131, 132, 133, 

134, 135, 137, 143, 157, 158. 

Ruby: See Arizona-Santa Cruz Co., 101. 

= Mining District: See Arizona-Santa Cruz Co., 
103. 


Ss 


St. Joe claims: See Arizona-Pima Co., 103. 
= —- fm.: See Arizona-Apache Co., 
9 JS, W. 

San Acacia: See New Mexico-Socorro Co., 50. 

a Lorenzo Gulch: See New Mexico-Socorro Co., 

San Lorenzo Mining District: See New Mexico- 
Socorro Co., 40, 54, 69. 

Santa Fe Railway land near Grants: See New 
Mexico-M. Co., 73, 176, 180; New Mexico- 
Valencia Co., 1 172, 173, 174, 175, 177. 

—_" See New Mexico-Socorro Co., 54, 69, 93, 


7- Me Ranch: See Arizona-Yavapai Co., 2, 23, 24. 
Shamrock claim: See New Mexico-Grant Co., 57. 
Shandon: See New Mexico-Sierra Co., 11, 78, 82. 
Shinarump conglomerate: See Arizona-General, 22. 
Shinarump conglomerate: See Colorado Plateau, 


22. 
Sere sandstone: See Arizona-Navajo Co., 


Ship rock: See New Mexico-San Juan Co., 47, 161, 
182, 185, 186. 

Sieber claim: See Nevada-Clark Co., 37. 

Sierra Ancha: See Arizona-Gila Co., 43. 

Sierrita Mts.: See Arizona-Pima Co., 103. 

Signal City: See New Mexico-Grant Co., 93. 

Silver City: See New Mexico-Grant Co., 99, 111, 
115, 127, 159. 

— Fred, roperty: See Arizona-Apache Co., 

Slaughter’s mine: See Arizona-Yavapai Co., 105. 

Sloan: See Nevada-Clark Co., 26, 34, 37, 59, 126. 

Sloan Mining District: See Nevada-Clark Co., 59, 


126. 
Sal claim: See Arizona-Santa Cruz Co., 


Superior: See Arizona-Pinal Co., 45. 

Sutor: See Nevada-Clark Co., 26, 37, 59, 126. 

Sutor Mining District: See Nevada-Clark Co., 59, 
126. 

a Mining District: See New Mexico-Hidalgo 
C , 
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= 


Taos: See New Mexico-Taos Co., 67. 
Todilto limestone: See New Mexico-McKinley Co,, 
. 77, 176: New Mexico-Valencia Co., 53, 89, 





Tombstone Mining District: See Arizona-Cochise 
Co., 1, 2, 6, 7, 23, 24. 

Tonopah: See Nevada-Nye Co., 133, 134, 135, 157, 

Topock: See Arizona-Mohave Co., 2, 23, 24, 31. 

= Mesa: See Arizona-Apache Co.-Kinusta Mesa, 


Treloar’s claims: See Arizona-Maricopa Co., 36, 


Tuer: See New Mexico-Santa Fe Co., 69. 
Tullock mine: See New Mexico-Grant Co., 57. 
Tyrone: See New Mexico-Grant Co., 33, 56, 57, 
58, 121. 
U-V 
V.C.A. operations, Navajo Indian Reservation: 
See Arizona-A' e Co., 149. 
Valley View claim: See Arizona-Cochise Co., 103. 
Vanadinite Group: See Arizona-Gila Co., 41. 
Vermillion Cliffs: See Arizona-Coconino Co., 16, 
142, 144, 146. 
Virgin Valley: See Nevada-Humboldt Co., 85. 
Vulture Mts.: See Arizona-Maricopa Co., 2, 23, 
24, 34, 36, 38. 
W 
Warm Creek Canyon: See Arizona-Gila Co., 43. 
White Oaks District (should read: White Signal): 
See New Mexico-Grant Co., 33. 
White Signal: See New Mexico-Grant Co., 19, 113 
White Si Mining District: See New Mexico- 
Grant Co., 19, 28, . 55, 57, 58, 69, 92, 93, 99, 
102, 112, 113, 115, 
Ww. .H Slaughter’s vo No See Arizona-Yavapai Co., 


Willabelle claim: See Nevada-Clark Co., 37. 
= Creek: See New Mexico-San Miguel Co., 


Wonder: See Nevada-Churchill Co., 106. 
Wrightson Mining District: See Arizona-Santa 
Cruz Co., 7, 81, 82 
X-Y 
Yarnell Hill area: See Arizona-Yavapai Co., 23, 24. 
Yellow Migs) — District: See Nevada-Clark 
Co., 59, 
wie baa de os Nevada-Lyon Co., 128. 
Z 
Zuni Uplift: See New Mexico-McKinley Co., 20, 
63. 
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Carnotite Occurrences— 
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(in) Petrified wood: 148. 

(in) Sandstone: 46. 

(in) Shinarump conglomerate: 22. 

Northeast part: 14. 

Petrified Wood, Uranium-bearing, 
Occurrences— 
General: carnotite: 148. 
Thorium Occurrences— 
General: 12, 25. 
Torbernite Occurrences— 
Northwest part: 14 
Uranium Occurrences— 
General: 12, 13, 25, 48. 

Carnotite: 7 

Carnotite in petrified wood: 148. 

Carnotite in sandstone deposits: 46, 62. 

Clare Pearson a sa ore samples carry 
up to 10% uranium: 144 

Copper-uranium deposits: 62. 

First commercial deposit in state: 148. 

Hydrothermal vein deposits: 62. 

Northeast part: carnotite: 14. 

Northwest part: inaccessible deposit with 
1.5% uranium in ore; not to be devel- 
oped: 136; torbernite: 14. 

Possible occurrences: 71. 

Uranium Production— 
Uranium sold, subject to State Sales Tax: 

145. 


Uranium Prospecting— 
General: 90, 124. 


Andersonite Occurrences 
See under individual county names and under 
Index III, Andersonite 
Occurrences—Arizona. 


Apache County 
Carnotite Occurrences— 
Navajo Indian Reservation:— 
General: 1, 16, 41, 78, 82, 108, 109, 147, 
150, 161, 166. 
Carrizo Mts.: 7, 86, 87. 
West of: 2, 23, 24. 
Claims subleased to V.C.A. by A.E.C.: 140 
Four Corners area: 17. 
Lukachukai Basin S. of Red Rock: 166. 
Lukachukai Mts.: 63, 167. 
Mesa Four-and-a-Half: Sa. 
Mesa V, 10 mi. W. of Red Rock, in Salt 
Wash, Morrison fm.: 51. 
Limestones, Uranium-bearing, 
Occurrences— 
Navajo Indian Reservation: 164. 
Uranium Development— 

Navajo Indian Reservation :—Lukachukai 
Mts.: mining recommendations: 169; ore 
reserves developed: 169. 

Uranium Exploration— 

inl Indian Reservation: 

By program for 1951: 144 
currences— 

iD Indian Reservation :— 

General: carnotite: 1, = 41, 78, 82, 108, 
109, 140, 147, 150, 161 166. 
Claims subleased to V.C.A. by A.E.C.: 
Navajos may reassign uranium mining 
rights: 178. 
Uranium in limestone: 164. 
Uranium production: 184. 
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V.C.A. operations, 200 t. uranium ore 
daily: 149. 

Carrizo, 3 mi. W. of: uranium: 144; 12 mi. 
W. of: uranium: 144. 

Carrizo Mts.: carnotite: 7, 86, 87; geology: 
52; mineralization: 52; ena, yom 
dium oxides in Salt Wash: 52. 

West of: carpotite: 2, 24; carnotite in 
Morrison (McEimo) sandstone: 23. 
Cove Mesa: geology: 52; mineralization: 

52; uranium & vanadium oxides in 


Salt Wash: 52. 

Cove — Png mi. W. of Red Rock: 
uranium: 

Kinusta (hres) Mesa: geology: 52; min- 
eralization: 52; uranium vanadium 


oxides in Salt Wash: 52. 

Red Rock District: geology: 52; min- 
eralization: 52; uranium & vanadium 
oxides in Salt Wash: Sa. 

Four Corners area: 

carnotite: 17. 
Lukachukai Basin: 

uranium deposits: 150. 

South of Red Rock: carnotite: 166. 
Lukachukai Mts.: carnotite: 63, 167; new 

uranium discoveries: 77; uranium: 169. 

ty Sitton property: uranium deposit: 

1 


Mesa Four-and-a-Half: carnotite: 51. 

Mesa V, 10 mi. W. of Red Rock: carno- 
tite and vanadium minerals in Salt 
Wash, Morrison fm.: 51; geology: 51. 

Red Rock, 5 mi. N. of: uranium: 144. 

Salt Wash, Morrison fm.: carnotite: 51. 

Unnamed location 23 mi. S. of Mexican 
Hat, Utah: uranium: 144 

Uranium Prices— 

Navajo Indian Reservation carnotites: per- 

centage to Navajo owners: 140. 
Uranium Processes— 

Navajo Indian Reservation: 
mill may be built: 164. 

Navajo Indian Reservation carnotites, treat- 
ment: Durango, Colorado, plant when 
rehabilitated by V.C.A.: 140; White Can- 
= District, Utah, pilot treatment plant: 
1 


Uranium Production— 
Navajo Indian Reservation: 
Five mines in operation: 147. 
Mill may be built: 164. 
Increase in 1951: 184. 
. 200 t. carnotite ore per day: 147. 
200 t. uranium ore mined daily: 144. 
V.C.A. me 200 t. uranium ore 
daily: 149 
Uranium Prospec 
Carrizo Mts.: i dauad drilling: 154. 


Bayleyite Occurrences 
See under individual county names and under 
Index III, Bayleyite Occurrences—Arizona. 


Bibliographies 
Carnotite Occurrences: 61, 96. 
Monazite Occurrences: 96. 
Thorium Occurrences: 9, 96. 
Uranium Occurrences: 9, 10, 61, 96. 








210 


ARIZONA (contd.) 














Carnotite Occurrences 
See under individual county names and under 
Index III, Carnotite Occurrences—Arizona 
Bibliography: 61, 96. 


Chevkinite Occurrences 
See under individual county names and under 
Index ITI, Chevkinite Occurrences—Arizona. 


Clays, ay Sarg Occurrences 
See under individual county names and under 
Index III, Clays, Uranium-bearing, Occur- 
rences—Arizona. 


Tombstone Mining District: 1, 7. 
Meta-torbernite Occurrences— 
“Howard” claim: 103. 
Thorium Occurrences— 
Tombstone Mining District: 
allanite: 2, 23, 24; 
allanite in granodiorite: 6. 
Tyuyamunite 
Bisbee: 2, 23, 24, 34. 
Uranium Occurrences— 
Bisbee: tyuyamunite: 2, 23, 24, 34. 
“Howard” claim: meta-torbernite in quartz- 
wolframite veins: 103. 
Tombstone Mining District: carnotite: 1, 7. 
Valley View claim: uranium oxide: 103. 


Coconino County 
Carnotite Occurrences— 
Hack’s Canyon near Fredonia: carnotite to 
be developed: 17; carnotite to be treated 
at Marysvale, Utah, plant: 17. 
Vermillion Cliffs, in petrified wood: 146; 3% 
uranium: 142. 
Copper-Uranium Deposits— 
’s Canyon: in copper mine: 15; metal- 
under study: 16. 
Navajo Bridge, E. &. N. of: 21. 
Petri Wood, Uranium-bearing— 
Lee’s Ferry: 21. 
Marble Canyon: 21. 
Vermillion Cliffs: 16, 144; carnotite: 142, 
146, 


Uranium Occurrences— 
taff, N. of: uranium oxide content, 
1.5%: 116. 

Hack’s Canyon: copper-uranium ores in 
copper mine: 15; copper-uranium ores, 
metallurgy under study: 16. 

Hack’s Canyon near Fredonia: carnotite to 
be developed: 17; carnotite to be treated 
at Marysvale, Utah, plant: 17. 

Lee’s Ferry: uranium in petrified wood: 21. 

Marble Canyon: uranium in petrified wood: 


21. 
Navajo Bridge, E. &. N. of: copper-uranium 
deposits: 21. 


Vermillion Cliffs: carnotite in petrified wood: 
146; 3% uranium: 142; uranium in petrified 
wood: 16, 144. 
Uranium Production— 
Flagstaff: uranium oxide concentrates: 116. 
Vermillion Cliffs: ore ready for shipment: 
144. 
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Colorado Plateau Section 
General: carnotite: 63 


Copper-Uranium Deposits 
under individual county names and unde 
Index III, Copper-Uranium Deposits—aAp. 
zona. 


Euxenite Occurrences 
See under individual county names and under 
Index ITI, Euxenite Occurrences—Arizona, 


Fergusonite Occurrences 
See under individual county names and under 
Index III, Fergusonite Occurrences—Ar- 
zona. 


Gila County 
Carnotite Occurrences— 

Mercer-King Consolidated Mines, Ltd., near 
Radium: 125. 

Vanadinite Group of claims, 3 mi. N. of 
globe: 41. 

Quartzite, Uranium-bearing, 
Occurrences— 
Red Bluff Prospect: 
Dripping Springs quartzite: 43. 
Radioactive Quartzite— 
Globe, 35 mi. N. of : 17. 
Radioactive Rocks— 

Dripping Springs quartzite: 43. 

Globe, 35 mi. N. of: radioactive quartzite 
found by the Carl Larsons: 17. 

Torbernite Occurrences— 
—_ Dome mine, Miami Mining District: 
, 24. 
Uranium Development— 

Mercer-King Consolidated Mines, Ltd., near 
Radium: concentration plant to be built 
in six mos. if development is profitable: 
= shafts and tunnels to be developed: 


Uranium Occurrences— 

Castle Dome mine, Miami Mining District: 
torbernite: 2, 24. 

Mercer-King Consolidated Mines, Ltd., neat 
Radium: carnotite: 125. } 
Red Bluff claims: secondary uranium min- 

erals: 103. 

Red Bluff Prospect in S. end of Sierra Ancha, 
12 mi. N.E. of Roosevelt Dam: geology: 
43; mineralogy: 43; structure: 43; stratig- 
raphy: 43; uranium in Dripping Springs 
quartzite: 43. 
Parker Creek Canyon: uranium in Drip- 

ping Springs quartzite: 43. 
Warm Creek Canyon: uranium in Drip 
ping Springs quartzite: 43. Me ae 

Vanadinite Group of claims, 3 mi. N. 
Globe: carnotite: 41. 


Graiam County 
Pyromorphite, Uranium-bearing, 
Occurrences— 
Golondrina claims: 103. 
Uranium Occurrences— : 
Golenteion claims: uranium in pyromorphite 
103. 


Kasolite Occurrences 
See under individual county names and under 
Index III, Kasolite Occurrences—Arz0m. 
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Laterites, Uranium-bearing, Occurrences 
See under individual county names and under 
Index III, Laterites, Uranium-bearing, Oc- 
currences—Arizona. 


Limestones, Uranium-bearing, Occurrences 
See under individual county names and under 
Index III, Limestones, Uranium-bearing, Oc- 
currences—Arizona. 


Maricopa County 
|. Carnotite — 


Vulture Mts. S. of Aguila: 2, 23, 24, 34; 
Genesis, _ 38; 

Geology: 3 

Sine Sogy’ 38. 

Ray’s camp area near Aguila: 36; 2 pits 
S.E. of, in volcanic tuffs: 38. 

Treloar’s claims near Aguila: 36; 5 mi. 
N.E. of Aguila, in volcanic tuffs: 38. 

Microlite Occurrences— 

Morristown, E. of: 17. 

Uranium Occurrences— 

Aguila: carnotite: 120. 

Morristown, E. of: microlite, produced by 
Anderson Bros.: 17. 

Prince of Arizona mine, 8 mi. N. of Beardsley 
station & 31 mi. N.W. of Phoenix: ura- 
nium oxides: 94. 

Vulture Mts. S. of Aguila: 
carnotite: 2, 24, 34; 
carnotite in tuff: 23. 

Ray’s camp area near Aguila: carnotite 
in tuffs: 36; 2 pits S.E. of: carnotite in 
volcanic tuffs: 38. 

Treloar’s claims near Aguila: carnotite: 
36; 5 mi. N.E. of Aguila: carnotite in 
volcanic tuffs: 38. 

Uranium Production— 
Morristown: microlite produced: 17. 


Mela-torbernite Occurrences 
See under individual county names and under 
Index III, Meta-torbernite Occurrences— 
Arizona. 
Microlite Occurrences 
See under individual county names and under 
Index III, Microlite Occurrences—Arizona. 


Aquarius Mts.: 2, 24, 44. 
Clays, Uranium-bearing, 
Occurrences— 
Aquarius Mts. : euxenite: 122. 
Copper-Uranium Deposits— 
Rainbow claims W. of Pipe Springs Na- 
tional Monument: 21. 
Euxenite Occurrences— 
Aquarius Mts., in clay: 122. 
is i ak River, E. of, S. of Burro Creek: 


Km Feldspar mine, Cerbat Range: 2, 


Cc 
Aquarius Mts.: 2, 24, 44. 
Chemehuevis Mining District, Mohave Mts., 
20 mi. S.E. of Topock: 2, 23, 24, 31. 





Pitchblende Occurrences— 
Jim Kane mine N. W. of Kingman: 103. 
Samarskite Occurrences— 
Aquarius Mts.: 2, 23, 24, 44. 
Kingman, N.E. ‘of: 17. 
Thorium Occurrences— 
Aquarius Mts.: allanite, chevkinite, gadolin- 
ite, monazite, samarskite: 2, 24, 44; allan- 
ay gadolinite in pegmatites, samarskite: 


Big Sandy River, E. of, S. of Burro Creek: 
euxenite: 2, 23, 

Chemehuevis Mining District, Mohave Mts., 
20 mi. S.E. of Topock: monazite: 2, 23, 
24; monazite in stream gravels: 31. 

Hackberry, 20 mi. S. of:  adsliathe in peg- 


matite: 108, 109. 
Kingman: dolinite: 30. 
Kingman, N.E. of: samarskite: 17. 


Kingman Felds mine, Cerbat Range: 
allanite, euxenite: 2; allanite in pegmatite, 
a gadolinite: 23; euxenite, gadolin- 
ite: 

North part: gadolinite in sand dunes: 24. 

Oatman Route, Kingman: fergusonite: 17. 

Uranium Occurrences— 

Aquarius Mts.: allanite, chevkinite, gadolin- 
ite, monazite, samarskite: 2; euxenite in 
clay: 122: samarskite: 23, 24. 

Big Ledge claims S.E. of Kingman, Cotton- 

oak tes uranium in red jasper: 103. 

Big 7s River, E. of, S. of Burro Creek: 


euxenite: 2. 

Jim Kane mine N.W. of Kingman: pitch- 
blende: 103. 

Kin Feldspar mine, Cerbat Range: 
allanite, euxenite: 2. 

Kingman, N. E. of: samarskite, produced in 


commercial quantities: 17. 

Oatman Route, Kingman: fergusonite, mined 
& concentrated by L. L. Edgerton: 17. 

Rainbow claims W. of Pipe Springs National 
Monument: copper-uranium deposits: 21. 

Red Hills claims: secondary uranium min- 
erals: 103. 

Uranium Production— 

Kingman: samarskite in commercial quan- 
a fergusonite mined and concentrated: 
17. 


Monazite Occurrences 
See under individual county names and under 
Index ITI, Monazite Occurrences—Arizona. 
Bibliography: 96. 


Navajo County 
Carnotite Occurrences— 
Kayenta area: 7. 
Monument Valley: 2, 7, 23, 24. 
Laterites, Uranium-bearing, 
Occurren 


ces— 
Oljeto N. of Kayenta: 72. 

Petrified Wood, Uranium-bearizg, 
Occurrences— 

Holbrook, S. of: 144. 

Uranium Occurrences— 

Holbrook, S. of: 31 uranium claims: 144; 
uranium content of ore, 4-5%: 144; ura- 
nium in petrified wood in Chinle fm.: 144. 

Kayenta area: carnotite: 7. 





212 MARGARET COOPER—BIBLIOGRAPHY AND INDEX 


ARIZONA (contd.) 


Monument Valley: carnotite: 2, 7, 24; car- 
notite in Shinarump sandstone: 23. 

Navajo Indian Reservation: uranium pro- 
duction: 184. 

Oljeto N. of Kayenta: 
uranium in laterite of McElmo age: 72. 

Uranium Production— 
Navajo Indian Reservation: increase in 1951: 


Petrified Wood, Uranium-bearing, Occurrences 
See under individual county names and under 
Index III, Petrified Wood, Uranium-bearing, 
Occurrences—Arizona 


Pima Count 
Kasolite 
Iris claims: 103. 
Lena claims: 103. 
St. Joe claims: 103. 
Meta-torbernite Occurrences— 
P Chief mine: 103. 
Pitchblende Occurrences— 
Ajo Mining District:— 
J. M. Pope’s seven claims, samples ana- 
lyzed: 110. 
Lena claims: 103. 
Uraninite Occurrences— 
Black Dike claims: 103. 
Uranium ces— 
Ajo Mining District:— 
J. M. Pope’s seven claims: pitchblende, 
samples analyzed: 110. 
Black Dike claims: uraninite: 103. 
Glen claims: uranium in granite: 103. 
Iris claims: kasolite: 103. 
Lena claims: kasolite, pitchblende; 103. 
Natalia claims: uranium deposit: 103. 
Papago Chief mine, 65 mi. from Tucson: 
meta-torbernite, uranium-bearing salts: 103 
uranium: 152. 
Pa Mining District:— 
anner mine: uranium oxide: 103. 
St. Joe claims: kasolite, uranophane: 103. 
Sierrita Mts.: uranium deposit: 103. 
Unnamed location in mountains: uranium 
boro-silicate, chemical analysis: 91. 
Uranophane Occurrences— 
St. Joe claims: 103. 


Pinal County 
Pitchblende Occurrences— 
Kate No. 3 claim: 103. 
Radioactive Areas— 
—- mine, Superior: sulphide minerals: 
45. 
Uranium Occurrences— 
Kate No. 3 claim: pitchblende: 103 
Pitchblende Occurrences 
See under individual county names and under 
Index III, Pitchblende Occurrences—Ari- 
zona. 
Pyromor phite, Uranium-bearing, Occurrences 
See under individual county names and under 
Index III, Pyromorphite, Uranium-bearing, 
Occurrences—Arizona. 


Quartzsite, Uranium-bearing, Occurrences 
See under individual county names and under 


Index III, Quartzite, Uranium-bearing, (¢. 
currences—Arizona. 


Radioactive Areas 
See under individual county names and under 
Index ITI, Radioactive Areas—Arizona. 


Radioactive Quarizite 
See under individual county names and under 
Index III, Radioactive Quartzite—Arizona, 


Radioactive Rocks 
See under individual county names and under 
Index III, Radioactive Rocks—Arizona. 
Radioactive Springs 
See under individual county names and under 
Index III, Radioactive Springs—Arizona. 


Samarskite Occurrences 
See under individual county names and under 
Index ITI, Samarskite Occurrences—Arizona, 


Santa Cruz County 
Pitchblende Occurrences— 
Annie Laurie claims: 103. 
Annie Laurie prospect near Ruby: 103. 
Wrightson Mining District:— 
Happy Jack mine: 7, 103. 
Pyromorphite, Uranium-bearing Occurrences— 
“Spelbrink” claim: 103. 
Uraninite Occurrences— 
Harshaw Mining District: 81. 
Wrightson Mining District:— 
Happy Jack mine: 81, 82. 
Uranium _ Eastern 
Annie Laurie claims: pitchblende: 103. 
Annie Laurie prospect near Ruby: geology: 
101; mineralogy: 101; pitchblende: 101; 
prospecting work: 101; radiometric survey: 
101. 


Harshaw Mining District: uraninite: 81. 
Old Gold No. 1 claim, S. of Annie Laurie 
claims: uranium oxide: 103. 
Oro Blanco Mining District:— 
Frigita Peak, W. side of: uranium oxide: 


Ruby Mining District:— 
Dry Springs: uranium oxide: 103. _ 
“Spelbrink” claim: uranium in radioactive 
pyromorphite: 103. 
Wrightson Mining District:— 
Happy Jack mine: pitchblende: 7, 103; 
uraninite: 81, 82. 


Schroeckingerite Occurrences 
See under individual county names and und 
Index III, Schroeckingerite Occurrences— 
Arizona. 


Swartzite Occurrences 
See under individual county names and under 
Index III, Swartzite Occurrences—Arizona. 


Thorium Occurrences 
See under individual county names and under 
Index III, Thorium Occurrences—Arizona. 
Bibliography: 9, 96. 


Torbernite Occurrences 
See under individual county names and under 
Index III, Torbernite Occurrences—Arizom. 


Tyuyamunite Occurrences 
See under individual county names and under 
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Index III, Tyuyamunite Occurrences—Ari- 
zona. 


Uraninite Occurrences 
See under individual county names and under 
Index III, Uraninite Occurrences—Arizona. 


Uranium Develo 
See under individual county names and under 
Index III, Uranium Development—Arizona. 


Uranium Exploration 
See under individual county names and under 
Index III, Uranium Exploration—Arizona. 


U. SRE bd (by ‘private contractors), methods 
and results: 18. 


U.S.B.M., methods and results: 18. 
US.G.S., ” methods and results: 18. 


Uranium Occurrences 
See under individual county names and under 
Index III, Uranium ces—Arizona. 
Bibliography: 9, 10, 61, 96. 
Uranium Prices 
See under individual county names and under 
Index III, Uranium Prices—Arizona. 


Uranium Processes 
See under individual county names and under 
Index III, Uranium Processes—Arizona. 


Uranium Production 
See under individual county names and under 
Index ITI, Uranium Production—Arizona. 


Uranium Prospecting 
See under individual county names and under 
Index III, Uranium Prospecting—Arizona. 
Uronophane Occurrences 
See under individual county names and under 
Index III, Uranophane Occurrences—Ari- 
zona. 


Yavapai County 
Andersonite Occurrences— 
— mine N. of Bagdad: 3, 103, 138, 


Bayle 
= mine N. of. of Bagdad: 3, 103, 138, 


Sa Occurrences— 
Yarnell Hill area: 23, 24. 

Monazite Occurrences— 

Black Canyon Creek:11. 
Pitchblende Occurrences— 

Hillside mine: 103. 

W. H. Slaughter’s mine near Columbia: 105. 
Radioactive Springs— 

Castle Hot Springs in foothills of Bradshaw 
Mts.: gas in water, quite radioactive: 5; 
no radium in water by chemical analysis: 
5; water, radioactive: 5. 

ite ces— 
Black Hills near Jerome: 2, 23, 24. 
Schroeckin, gerite Occurrences— 
Hillside mine N. of Bagdad: 3, 138. 
Swartzite Occurrences— 


Hillside mine N. of Bagdad: 3, 103, 138, 151. 
Thorium Occurren 


ces— 
Black Canyon Creek: monazite: 11. 
— Hills near Jerome: samarskite: 2, 23, 
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Eureka Mining District on 7-U-7 Ranch 
near Bay : allanite: 2, 23, 24 

Yarnell area: fergusonite: 23, 24. 

Torbernite Occurrences— 

Eureka aaiat 3. Keen ied on 7-U-7 Ranch 

near ss 
Uranium 

oe — nent y Jenene: samarskite: 2, 

Eureka Mining District on 7-U-7 Ranch 
near Bagdad: allanite, torbernite: 2, 23, 24. 

Hillside mine N. of Bagdad: andersonite, 
bayleyite, swartzite: 151; 
andersonite, bayleyite, pitchblende, swart- 
zite: 103; 
andersonite, bayleyite, schroeckingerite, 
swartzite: 3, 138; 
uranium, metallurgical tests: 17; 
uranium, mine development: 17; 
uranium mini : 83. 

Mesa below Octave and Rich Hill: radium, 
ees in black sand, samples analyzed: 


fiemate area, three locations: uranium de- 
— 168. 
Ww. Slaughter’s mine near Columbia: 
pitchblend 105. 
Yarnell Hill area: fergusonite: 23, 24. 
Uranium Production— 
Prescott area: uranium shipments from three 
- locations: 168. 
ranium Prospectin 
—— Smithsonian Institution’s work: 
4, 


Yuma County 


Radioactive Springs— 
Radium Hot Springs near S.E. margin of 
Muggins Mts.: radium emanation in water: 


COLORADO PLATEAU 
General 


Carnotite Occurrences— 
Morrison fm.: 22; 


uranium production: 22. 
conglomerate: 22. 
Uranium Development— 
General: 73. 


Uranium Occurrences— 
General: 48; carnotite in Entrada and Salt 
Wash formations: 63. 
Carnotite D its:— 
Arizona: 2 


Morrison fm.: 22. 
New Mexico: 22. 
Shinarump conglomerate: 22. 
Uranium Prices— 
U.S.A.E.C. Bonus: 163. 
U.S.A.E.C. Bonus, minimum prices: 187. 
Uranium Production— 
U.S.A.E.C. Bonus, Increased by: 163. 
Uranium Prospecting— 
Diamond drilling in Arizona, Colorado, and 
Utah: 154. 
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COLORADO PLATEAU (contd.) 
Carnotite Occurrences 
See under General and under Index III, 
Carnotite Occurrences—Colorado Plateau. 


Uranium Development 
See under General and under Index III, Ura- 
nium Development—Colorado Plateau. 


Uranium Exploration 


PUSAEL (oy private contractors), methods 
and results: 1 
U.S.B.M., ah results: 18. 
US.GS., "methods and results: 18. 


Uranium Occurrences 
See under General and under Index III, Ura- 
nium Occurrences—Colorado Plateau. 


Uranium Prices 
See under General and under Index III, Ura- 
nium Prices—Colorado Plateau. 


Uranium Production 
See under General and under Index III, Ura- 
nium Production—Colorado Plateau. 


Uranium Prospecting 
See under General and under Index III, 
Uranium Prospecting—Colorado Plateau. 


NAVAJO INDIAN RESERVATION 


General 
Uranium Exploration— 
Navajo finders can claim ore: 77. 
U.S.A.E.C, Training Program for Indians: 77. 
Uranium 
New tions for non-Indians: 186. 
Uranium Occurrences— 
Arizona: Navajos may reassign uranium 
mining rights: 178. 
Arizona, New Mexico, Utah: carnotite: 161. 
New Mexico: Navaj pay reassign uranium 


mining rights: 178 
NEVADA 


ces 
General: 12, 25. 
Uranium Exploration— 
General: tests by Uranium Vanadium Ex- 
ploration Co.: 139. 
Uranium Occurrences— 
General: 12, 13, 25. 
Carnotite: 117; in sandstone deposits: 62. 
Copper-uranium deposits: 62. 
Hydrothermal vein deposits: 62. 
Lignites, Uranium-bearing: 27. 
Tests by Uranium Veuniioas | Exploration 
és Co.: 139. 
ranium Prospecting— 
General: 90. 


woe be Institution’s work: 124. 


As phaltites, Uranium-bearing, Occurrences 
See under individual county names and under 


Index III, haltites, Uranium-bearing, 
a eS 


Autunite Occurrences 
See under individual county names and under 
Index III, Autunite Occurrences—Nevada, 


Basinasite Occurrences 
See under individual county names and under 
Index ITI, Bastnasite Nevada, 


Bibliographies 
Thorium Occurrences: 9. 
Uranium Occurrences: 9, 10, 26. 


Carnotite Occurrences 
See under individual county names and under 
Index ITI, Carnotite Occurrences—Nevada, 


Churchill County 
Uranium Occurrences— 
Wonder and Fairview, location between: 
uranium ore “of good grade”: 106. 


Clark County 
Bastnasite Occurrences— 
Clark Mt.: 162 
Carnotite Occurrences— 


Sloan Mining District:— 
Sloan: 26, 
Sloan, 2 mi. S. of: 59, 126; in railroad 
cut: 37. 


Sutor Mining District:— 
Sutor, 2 mi. W. of: 126. 
Sutor area: 59. 

Humdinger claim: 37. 
Lake View claim: 37. 

Lake View No. 1 claim: 37. 
Nunn claim: 37. 

Sieber claim: 37. 
Willabelle claim: 37. 

Yellow Pine Mining District:— 
Goodsprings: 126. 

Goodsprings, 2 mi. N. of: 37, 59. 
Thorium Occurrences— 
Clark Mt.: bastnasite: 162. 
Uranium Occurrences— 

Green Monster mine near rings: ura 
nium: 129; prospecting work to be started: 
129. 

Sloan Mining District:— 

Sloan: carnotite: 26: carnotite in rhyolite 
joints: 34. 

—_ 2 mi. S. of, in railroad cut: carnotite: 
3 


Sloan, 2 mi. S. of: 
carnotite: 126; 
carnotite, coating joints in rhyolite: 59. 

Sutor Mining District:— 

Sutor: radium: 26; 
carnotite: 126. 

Sutor area: carnotite, patches with man- 
ganese oxide in sandstone: 59. 
Humdinger claim: carnotite: 37. 
Lake View claim: carnotite: 37. 

Lake View No. 1 claim: carnotite: 37. 

Nunn claim: carnotite: 37. 

Sieber claim: carnotite: 37. 

Willabelle claim: carnotite: 37. 
Yellow Pine Mining District:— 

Goodsprings: radium: 26; carnotite: 126. 

Goodsprings, 2 mi. N. of: carnotite: 37; 
carnotite in sandstone: 59. 
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Uranium Prospec 


Green "a ne near Goodsprings: 129. 


Clays, Uranium-bearing, Occurrences 
See under individual county names and 
under Index III, Clays, Uranium-bearing, 
Occurrences—Nevada. 


Bho County 
Thorium Occurrences— 
Contact District: allanite: 79. 
Uranium Occurrences— 
Midas: low-grade uranium ore: 156. 


Esmeralda County 
Radioactive Areas— 
Mohawk property: radioactive mineral: 171. 


Eureka County 
Asphaltites, Uranium-bearing, Occurrences— 
Unnamed location in Pinom "Range, 15 mi. S. 
of Palisade: 26. 
Uranium Occurrences— 
Unnamed location in Pinon Range, 15 mi. 
S. of Palisade: uranium in asphaltite: 26. 


Humboldt County 
Carnotite Occurrences— 
Virgin Valley, in opal: 85. 
, Uranium-bearing, Occurrences— 
Virgin Valley: carnotite: 85. 
Pitchblende Occurrences— 
Rocky Canyon, vein being developed: 188. 
Uranium Occurrences— 
Rocky Canyon: pitchblende vein being de- 
veloped: 188. 
Virgin Valley: carnotite in opal: 85; 
geology: 85; 
mineralogy: 85; 
ore deposits: 85; 
radioactivity measurements: 85. 
Uranium Production— 
Rocky Canyon: pitchblende with 0.7% U:0s 
to be ship; to Colorado Springs ore- 
buying station: 188. 


lignites, Uranium-bearing, Occurrences 
See under individual county names and under 
Index III, Lignites, Uranium-bearing, Oc- 
currences—Nevada. 


Lincoln County 
Carnotite Occurrences— 
Atlanta Mining District: 59. 
Atlanta mine: 37, 39, 82, 126. 
Pioche: 34. 
Clays, Uranium-bearing, Occurrences— 
Patterson Mining District:— 
Cave Valley cave: 80. 
ranium Occurrences— 
Atlanta Mining District:—carnotite in rhyo- 
lite joints and in gold ore: 59; radium: 26; 
Atlanta mine: carnotite: 37, 39, 82, 126. 
Patterson Mining District:— 
Cave Valley cave: trace of uranium in 
clay: 80. 
Cone Valley mine: reported uranium and 
radioactivity not found: 80. 
Cave Valley mine of Great Western Co., 
Caliente: uranium deposit: 123. 
Pioche: pang in andesite: 34. 
Pioche, 50 mi. 
unidentified rue mineral: 82. 


Lyon County 
Pitchblende Occurrences— 
Southern part: 155. 
Radioactive Areas— 
Rink claim, Cambridge Mining Co., near 
Yerington: rv deposits: 128. 


Uranium 
Southern part: vitchblende: 155. 
= unnamed tions: uranium deposits: 
Monasite Occurrences 


See under individual county names and under 
Index ITI, Monazite Occurrences—Nevada. 


Nye County 
Autunite Occurrences— 
Round Mt.:— 
Tonopah, some 6-8% uranium ore: 157. 
Torbernite Occurrences— 
Round Mt.:— 
Tonopah: 133, 134. 
Uranium Development— 
Round Mt.:— 

Heneberg property (or Rainbow claims): 
uranium deposit, 137, 143; new develop- 
ment work: 158. 

Tonopah: commercial uranium: 133. 

Uranium Occurrences— 
Round Mt.:— 

Heneberg papery (or Rainbow claims): 
uranium deposit: 131, 132; under de- 
velopment: 137, 143. 

North a at Tonopah: uranium de- 
posit: 1 

Tonopah: autunite, some 6-8% uranium 
ore: 157; torbernite and “commercial” 
uranium: 133, 134. 


Opal, Uranium-bearing, Occurrences 
under individual county names and under 
Index III, Opal, Uranium-bearing, Occur- 
rences—Nevada. 


Ormsby County 
Monazite Occurrences— 
Carson City: 11, 82; in black sands: 59, 78. 
Thorium Occurrences— 
Carson City: monazite: 11, 82; monazite in 
black sands: 59, 78. 


Pershing County 
Torbernite Occurrences— 
Antelope Mining District:— 
- Majuba Hill: 84. 
Uranium Occurrences— 
Antelope Mining District:— 
Majuba Hill: torbernite: 84. 


Pitchblende Occurrences 
See under individual county names and under 


Index III, Pitchblende Occurrences—Ne- 
vada. 


Radioactive Areas 
See under individual county names and under 
Index III, Radioactive Areas—Nevada. 


Thorium Occurrences 
See under individual county names and under 
Index III, Thorium Occurrences—Nevada 
Bibliography: 9. 
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NEVADA (contd.) 


Torbernite Occurrences 
See under individual county names and under 
Index III, Torbernite Occurrences—Nevada. 


Uranium Develo 
See under individual county names and under 
Index III, Uranium Development—Nevada. 


Uranium Exploration 
See under individual county names and under 
Index III, Uranium Exploration—Nevada. 


Uranium Occurrences 
See under individual county names and under 
Index III, Uranium Occurrences—Nevada. 
Bibliography: 9, 10, 26. 


Uranium Production 
See under individual county names and under 
Index III, Uranium Production—Nevada. 


Uranium Prospecting 
See under individual county names and under 
Index III, Uranium Prospecting—Nevada. 


NEW MEXICO 


General 
Carnotite Occurrences— 
General: in sandstone: 46. 
Morrison fm.: 22. 
Unnamed location, N.W. t of state: 93. 
Fluorescent Minerals, Uranium-bearing, Oc- 
currences— 
Mineral headings: autunite, johannite, meta- 
torbernite, schroeckingerite, torbernite: 32. 
Chemical formulae: 32. 
Color under short and Jong rays: 32. 
Fluorite, Uranium-bearing, Occurrences— 
General: 95. 


— ae taating, Occurrences— 


Limestones, Uranium-bearing, Occurrences— 
General: 27. 

Monazite Occurrences— 
General: 117. 

Radioactive Minerals, Thorium-bearing, Oc- 


Minerals named: fergusonite, gummite, ha- 
chettolite, microlite, pitchblende, samar- 
skite, uraninite: 32. 

Chemical formulae: 32. 

Radioactive Minerals, Uranium-bearing, Oc- 
currences— 

Minerals named: autunite, bassetite, carno- 
tite, cyrtolite, fergusonite, gummite, 
hachettolite, microlite, pitchblende, samar- 
skite, torbernite, meta-torbernite, urani- 
nite, uranophane: 32. 

Chemical formulae: 32. 

Thorium Occurrences— 
General: 12, 25; monazite: 117. 
Torbernite Occurrences— 

General: 118. 

Uranium Occurrences— 

General: 12, 13, 25, 48. 

Carnotite in sandstone: 46, 62. 

Copper-uranium deposits: 62. 

Fluorite, uranium-bearing: 95. 

Hydrothermal vein deposits: 62. 

Lignites, uranium-bearing: 62. 

Limestones, uranium-bearing: 27. 


Torbernite: 118. 
Unnamed location, N.W. part of state: 
carnotite: 93. 
Uranium Prospecting— 
General: 90. 


Autunite Occurrences 
See under individual county names and under 
Index III, Autunite Occurrences—Ney 
Mexico. 


Bastnasite Occurrences 
See under individual county names and under 
Index III, Bastnasite Occurrences—Ney 
Mexico. 
Bibliographies 
Thorium Occurrences: 4, 9. 
Uranium Occurrences: 4, 9, 10. 


Carnotite Occurrences 
See under individual county names and under 
Index III, Carnotite Occurrences—New 
Mexico. 


Colfax County 
Uraninite Occurrences— 
President mine near Elizabethtown: 104. 
Uranium Occurrences— 
President mine near Elizabethtown: uraui- 
nite: 104. 


Colorado Plateau Section 
Uranium Occurrences— 
General: carnotite: 63. 


Copper-Uranium Deposits 
See under individual county names and under 
Index III, Copper-Uranium Deposits—New } 
Mexico. 


Cyrtolite Occurrences 
See under individual county names and under 
Index III, Cyrtolite Occurrences—New 
Mexico. 


Dona Ana Couniy 
Monazite Occurrences— 
Organ Mining District: 69. 
Thorium Occurrences— 
Organ Mining District: monazite: 69. 
Uranium Occurrences— 
Memphis King mine at Organ: secondary 
uranium mineral: 160. 


Fergusonite Occurrences 
See under individual county names and under 
Index III, Fergusonite Occurrences—New 
Mexico. 


Fluorescent Minerals, Uranium-bearing, Occw- 
rences 
See under individual county names and under 
Index III, Fluorescent Minerals, Uranium- 
bearing, Occurrences—New Mexico. 


Fluorite, Uranium-bearing, Occurrences 
See under individual county names and undet 
Index III, Fluorite, Uranium-bearing, 0- 
currences—New Mexico. 


Grant County 
Autunite Occurrences— 
Big Burro Mt.:— , ; 
Ra-Tor-Plac Co.’s 3 claims, 10 mi. $. 0 
Phelps Dodge camp at Tyrone: 56. 
Eureka Mining District: (?) 69. 
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White Oaks (should read: White Signal) 
Mining District, 9 mi. S. of Tyrone: 33. 
White Signal Mining District: 54, 69, 102. 
Acme claim: 57. 
Burro Mts., 4 mi. E. of, in diabase dikes: 
55. 
Foster claim: 57. 
Grissom claim: 57. 
Merry Widow claim: 57. 
Shamrock claim: 


Si. 
Tullock mine: 57. 
Kithilite Occurrences— 
ay ot + Mining District :— 
ithil near Silver City: 111. 
Tyree: 58. 
Pitchblende Occurrences— 
Black Hawk Mining District: 69. 
White Si ining District :— 
Black Hawk camp at Bullard’s Peak, 12 
mi. N.W. of Tyrone: 57. 
Merry Widow mine at Silver City: 127. 
Tyrone: 58. 
Radioactive Areas— 
Hanover: lead-zinc ore: 45. 
Torbernite Occurrences— 
Big Burro Mt.:— 
Ra-Tor-Plac Co.’s 3 claims, 10 mi. S. of 
Phelps Dodge camp at Tyrone: 56. 
White Oaks (should read: White Si ) 
Mining District, 9 mi. S. of Tyrone: 3. 
White Si Mining District: 54, 69, 102. 
Acme claim: 57. 
~— Mts., 4 mi. E. of, in diabase dikes: 
Camp Kithil: 112. 
Foster claim: 57. 
Grissom claim: 57. 
Merry Widow claim: 28, 57. 
Merry Widow mine at Silver City: 127. 
Otto Forester’s radium mine, 1 mi. S. of 
= Peet office: 19. 
5 


Signal City: 93. 

Silver City: 99, 115. 

Tullock mine: 57. 

Tyrone: 58. 

Uranium Development— 
White Signal Mining District:— 

Merry Widow mine at Silver City: shaft 
deepened: 127. 

Tyrone: torbernite being mined: 58. 

Uranium Occurrences— 
Big Burro Mt.:— 

Ra-Tor-Plac Co.’s 3 claims, 10 mi. S. of 
Phelps Dodge camp at Tyrone: autunite, 
torbernite in diabase dike walls: 56. 

Ra-Tor Mining and Manufacturing Co. 
claims near Tyrone: uranium, radium: 


1 
iy Hawk Mining District: pitchblende: 


Central Mining District:— 
Lucky Bill mine at Bayard station: ura- 
nium oxide: 114. 
Eureka Mining District: autunite (?): 69. 
White Oaks (should read: White Signal) 
Mining District, 9 mi. S. of Tyrone: 
autunite, torbernite: 33. 
White Signal Mining District: 92; autunite, 
torbernite: 54, 69, 102. 





A. A. Leach claims near White Signal 
post office: 113. 

Acme claim: autunite, torbernite: 57. 
Black Hawk camp at Bullard’s Peak, 12 
mi. N.W. of Tyrone: pitchblende: 57. 
Burro Mts., 4 mi. E. of: autunite, torber- 

nite in diabase dikes: 55. 

Camp Kithil: ronal 112. 

Camp Kithil near Silver — kithilite, a 
copperless torbernite: 111 

Foster claim: autunite, torbernite: 57. 

Grissom claim: autunite, torbernite: 57. 

Merry Widow claim: autunite, torbernite: 
57; on ney = 28; exploration work: 
28; geology: 28. 

Merry Widow mine at Silver City: pitch- 
blende, torbernite: 127. 

Merry Widow mine shaft: high grade 
uranium ore: 112. 

Otto Forester’s radium mine, 1 mi. S. of 
White Signal post office: torbernite in 
felsite dike: 19; torbernite ore worth 
$25 per ton: ~g plan to install concen- 
trating mill: 

Shamrock «Bag 8 mi. S. of Tyrone: 
autunite, torbernite: 57. 

Uranium Occurrences— 
White Signal Mining District:— 

ay City: torbernite: 93. 
ver City: torbernite: 99, 115. 

Silver City, 2000 acres, 17 ‘mi. from: 
uranium: 159. 

Tullock mine, 8 mi. S. of Tyrone: autunite, 
torbernite: 57. 

—— kithilite, pitchblende, torbernite: 


Uranium Production— 
Big Burro Mt.:— 

Ra-Tor-Plac Co.’s 3 claims, 10 mi. S. of 
Phelps Dodge camp at Tyrone: ae, 
torbernite mined: 56; ore crushed and 
dry concentrated: 56; ore marketed as 
the Ra-Tor Plac for making water radio- 
active for medicinal 

Ra-Tor Mining and Manufacturing Co., 
Tyrone: ore mill: 121; ore mining: 121. 

ba Oaks (should read: White ignal) 
District, 9 mi. S. of ‘one: 33. 
White Signal Mining District: 
Camp Kithil: torbernite maining stopped; 
too hard to process: 112 


Gummite Occurrences 
See under individual county names and under 
Index III, Gummite Occurrences—New 
Mexico. 


Hidalgo County 
Autunite Occurrences— 
Sylvanite Mining District: 69. 
Uranium Occurrences— 
Sylvanite Mining District: autunite: 69. 
Kithilite Occurrences 
See under individual county names and under 
Index III, Kithilite Occurrences—New Mex- 
ico. 


Lignites, Uranium-bearing, Occurrences 

See under individual county names and under 
Index III, Lignites, Uranium-bearing, Oc- 
currences—New Mexico. 
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NEW MEXICO (contd.) 


Limestones, Uranium-bearing, Occurrences 
See under individual county names and under 
Index III, Limestones, Uranium-bearing, 
Occurrences—New Mexico. 


Lincoln Count 
Bastnasite ces— 
Gallinas Mining District: 183. 
Gallinas Mts.: 179. 


All American pr t near head of Red 
Cloud Canyon: 76. 
le Nest claim No. 2, 34 mi. N. of Red 
loud mine on SW-trending spur of 
Rough Mt.: occasional crystals with 
fluorite & barite: 8. 
Eagle Nest prospect 34 mi. N. of Red 
loud mine on SW-trending spur of 
Ro Mt.: 76. 
Red Cloud prospect in Red Cloud Can- 
yon: 76. 
Thorium Occurrences— 
Gallinas Mining District: bastnasite: 183; 
ore treatment: 183; production: 183. 
Gallinas Mts.: bastnasite: 179. 
le Nest claim No. 2, 34 mi. N. of Red 
loud mine on SW-trending spur of 
Mt.: bastnasite: 8. 
Red Cloud Canyon: bastnasite: 76. 
Thorium Processes— 
= Mts.: mill for processing bastnasite: 
179. 
Thorium Production— 
Gallinas Mts.: bastnasite ore processed: 179. 


McKinley County 
Carnotite Occurrences— 
Grants area:— 
Santa Fe Railway land: 176. 
Gummite Occurrences— 
Grants area:— 
Santa Fe Railway land: 176. 
Limestones, Uranium-bearing, Occurrences— 
Zuni Uplift: 20. 
Pitchblende Occurrences— 


Grants area:— 
Santa Fe Railway land: 176. 
Zuni Uplift area 5 mi. N. of Prewitt: 63. 
Rutherfordine Occurrences— 
Grants area:— 
Santa Fe Railway land: 176. 
Thorium nces— 
Grants area:— 
Santa Fe Railway land: gummite, ruther- 
fordine in Todilto limestone: 176. 


Santa Fe Railway land: 176. 
Uranium Development— 
Grants area: 88. 
Santa Fe Railway land: 73; assays of 
samples: 176; development work: 176; 
test pitting: 176. 
Uranium ces— 

Grants area: uranium deposits: 88; uranium 
in Todilto limestone: 29; development of 
uranium deposits in Todilto limestone and 
Beuhy Basin member of Morrison fm.: 

Santa Fe Railway land: carnotite, gum- 
mite, pitchblende, rutherfordine, tyuy- 


amunite, uranophane in Todilto lime. 
stone: 176; geology: 176; mineralizs. 
tion: 176. 
Santa Fe Railway land, Haystack Mt., N 
of Prewitt: uranium deposits: 180, 
Zuni Uplift: uranium-bearing limestone: 20, 
Zuni Uplift area 5 mi. N. of Prewitt: pitch. 
blende and other minerals: 63. 
Uranium Processes— 
Grants area: Anaconda to build plant: 73, 
Uranium Production— 
Grants area: Anaconda to build processing 
plant: 182. 
Uranophane Occurrences— 
Grants area:— 
Santa Fe Railway land: 176. 


Microlite Occurrences 
See under individual county names and under 
Index III, Microlite Occurrences—New 
Mexico. 


Middle Rio Grande Valley 
Monazite Occurrences— 
Middle Rio Grande Valley: 74. 
Valencia County:— 
Bosque, 0.6%, or less in Rio Grande River 
sands: 75. 
Thorium Occurrences— 
Middle Rio Grande Valley: 
monazite: 74. 
Valencia County :-— 
Bosque: Rio Grande River sands carrying 
0.6%, or less, monazite: 75. 
Monazite Occurrences— 

See under individual county names and 
under Index III, Monazite Occurrences— 
New Mexico. 

Mineralogy— 

General: pilot analysis made of specimen: 
67; specimens analyzed: 66. 


Mora County 
Microlite Occurrences— 
Pidlite pegmatite: 70. 
Uranium Occurrences— 
Pidlite pegmatite: 
microlite: 70. 
Pitchblende Occurrences 
See under individual county names and under 
Index III, Pitchblende Occurrences—New 
Mexico. 


Radioactive Areas 
See under individual county names and under 
Index III, Radioactive Areas—New Mexico. 


Radioactive Minerals, Thorium-bearing, Occw- 


rences 

See under individual county names and under 
Index III, Radioactive Minerals, Thoriun- 
bearing, Occurrences—New Mexico. 


Radioactive Minerals, Uranium-bearing, Ocw- 
rences 
See under individual county names and unde 
Index III, Radioactive Minerals, Uranium 
bearing, Occurrences—New Mexico. 


Radium Occurrences 
See under individual county names and under 
Index III, Uranium Occurrences—New Mer 
ico: 92. 
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Rio Arriba County 
Fergusonite Occurrences— 
Petaca Mining District:— 
Fridlund dike, 244 mi. S. of Petaca: 69. 
Gummite Occurrences— 
Petaca Mining District: 54 


Beryl Prospect N. of Cribbensville & S. 


of Canada la Jarita: 42. 
Claim 214 mi. S.W. of Petaca: 69. 
Lignites, Uranium-bearing, Occurrences— 
General: 53. 
Monazite Occurrences— 
Chama River: (?) 40, 69. 
Petaca Mining District:— 
Beryl P. 
of Ca la Jarita: 42. 
Cribbenville mine, Petaca: 66, 69. 


Fridlund claim, 2}4 mi. S.W. of Petaca: 35. 
Fridlund mine S. of Canada la Jarita: 42. 


Globe mine: 100. 

Globe pegmatite: 100. 

Las Tablas: 19. 

Miller mine S. of Canada la Jarita: 42. 
Pitchblende Occurrences— 

Petaca Mining District:— 

Claim 24% mi. S.W. of Petaca: 69. 

Samarskite Occurrences— 


Petaca Mining District: 54; in pegmatite: 
70 


Beryl Pr t N. of Cribbensville & S. 
of C. la a 42. 

Fridlund claim, 244 mi. S.W. of Petaca: 35. 

Fridlund claim: esis of specimen: 35; 
radiograph analysis of specimen: 35. 

Fridlund dike, 24% mi. S. of Petaca: 69. 

Fridlund mine S. of Canada la Jarita: 42. 

Globe mine: 100. 

Globe pegmatite: 100. 

Las Tablas: 40. 

Lobato mine near Las Tablas: 19, 69. 

Miller mine S. of Canada la Jarita: 42. 

Thorium Occurrences— 
Chama River: monazite in sand: (?) 40, 69. 
Petaca Mining District: gummite, samar- 
skite, uraninite, uranophane: 54; samar- 
skite in pegmatite: 70. {#4} 

Beryl Pr t N. of Cribbensville & S. 
of Canada la Jarita: gummite, mona- 
zite, samarskite, uraninite: 42. 

Claim 2144 mi. S.W. of Petaca: gummite, 
pitchblende, uranophane: 69. 

Cribbenville mine, Petaca: monazite with 
uranium: 66, 69. 

Fridlund claim, 24% mi. S.W. of Petaca: 
monazite, samarskite, uraninite: 35. 

Fridlund dike, 244 mi. S. of Petaca: 
fergusonite, samarskite, uraninite, etc.: 
69. 


Fridlund mine S. of Canada la Jarita: 
monazite, samarskite: 42. 
Globe mine: monazite, samarskite: 100. 
— pegmatite: monazite, samarskite 
; 
geology: 100; 
mineralization: 100; 
mineralogy: 100; 
structure: 100. 
Las Tablas: monazite: 19; 
samarskite, thorium, etc.: 40. 
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Lobato mine near Las Tablas: samarskite: 
19, 69 


Miller mine S. of Canada la Jarita: 
monazite, samarskite: 42. 
Uraninite Occurrences— 
Petaca Mining District: 54. 
Beryl t N. of Cribbensville & S. 
of Ca la Jarita: 42. 
Fridlund claim, 214 mi. S.W. of Petaca: 35. 
Fridlund dike, 214 mi. S. of Petaca: 69. 
Uranium Occurrences— 
General: uranium-bearing lignites: 53. 
Petaca Mining District: gummite, samar- 
skite, uraninite, uranophane: 54; 


a in re: aD 
Beryl Prospect N. of Cri ville & S. 
a Canada la Jarita: gummite, monazite, 


samarskite, uraninite: 42. 
Claim 24% mi. S.W. of Petaca: gummite, 
pitchblende, uranophane: 69. 
Cribbenville mine, Petaca: monazite with 
uranium: 66, 69. 
Fridlund claim, 2144 mi. S.W. of Petaca: 
monazite, samarskite, uraninite: 35. 
Fridlund dike, 24% mi. S. of Petaca: 
Sspmnaitn, samarskite, uraninite, etc.: 


Fridlund mine S. of Canada la Jarita: 
monazite, ite: 42. 
Globe mine: monazite, samarskite: 100. 
a = pegmatite: monazite, samarskite: 
> 
geology: 100; 
mineralization: 100; 
mineralogy: 100; 
structure: 100; 
Las Tablas: samarskite, thorium, etc.: 40. 
Lobato mine near Las Tablas: samar- 
skite: 19, 69. 
Miller mine S. of Canada la Jarita: 
monazite, samarskite: 42. 
Petaca: 92. 
Uranophane Occurrences— 
Petaca Mining District:— 
Claim 214 mi. S.W. of Petaca: 69. 


Rutherfordine Occurrences 


See under individual county names and under 
— III, Rutherfordine Occurrences—New 
exico. 


Samarskite Occurrences 


See under individual county names and under 
Index III, Samarskite Occurrences—New 
Mexico. 


Sandoval County 


Carnotite Occurrences— 
Cochiti Mining District: 54. 
Peralta Canyon: 40, 60, 69. 
Lignites, Uranium-bearing, Occurrences— 
General: 53. 


Uranium Occurrences— 
General: uranium-bearing lignites: 53. 
Cochiti Mining District: 
carnotite: 54. 
Peralta Canyon: carnotite: 40, 60, 69. 


San Juan County 


Carnotite Occurrences— 
Farmington: 99. 
Navajo Indian Reservation: 161, 172. 

Carrizo Mt.: 54. 
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NEW MEXICO (contd.) 


Carrizo Mts.: 86, 87; E. flank: 69. 
— subleased to V.C.A. by A.E.C.: 


Lubachukai Mts.: 185. 
Uranium ces— 

Farmington: carnotite: 99. 

Navajo Indian Reservation: 
Carnotite: 140, 161, 172. 
Carrizo Mt.: carnotite: 54. 
Carrizo Mts.: carnotite: 86, 87; E. flank: 

carnotite: 69. 

—_ subleased to V.C.A. by A.E.C.: 


Four Corners area: uranium deposits: 172. 
Lukachukai Mts.: carnotite: 185; uranium 
claims: 186. 
Navajos may reassign uranium mining 
rights: 1 
Uranium ie 
Navajo Indian Reservation carnotites: per- 
cen to Navajo owners: 140. 
Uranium 
Navajo Indian Reservation carnotites, treat- 


ment: 
— tyre — when rehabili- 
by V.C.A.: 140; 
White Canyon Distsict, Utah, pilot treat- 
ment plant: 140. 

Shiprock: uranium ore sampling plant: 47, 
185; plant to be built: 161; plant built by 
Navajo Uranium Co.: 47; plant flowsheet: 
47; plant operated by A. S. & R.: 47; 
plant, problems of design and construction: 
47; tonnage processed in plant: 

Uranium Production— 
Shiprock: uranium ore-buying station for 
avajo Indian Reservation uranium ores: 
182; uranium ore sampling and purchas- 
ing depot: 186; uranium ore sampling 
plant: 47; uranium processing plant to 
be built: 186. 
Uranium Purchases— 
Shiprock: uranium ore-buying station: 53. 
San Mi, County 
Cyrtolite Occurrences— 
Las Vegas, S.W. of: 69. 
Monazite Occurrences— 
= Creek, 15 mi. from Las Vegas: analysis: 


Bull Creek area, 15 mi. W. of Las Vegas: 69. 
Elk Mt., E. of Willow Creek District: 69. 
Pitchblende Occurrences— 


Elk Mt. area, W. of Las Vegas: 69. 
Thorium Occurrences— 
Bull Creek, 15 mi. from Las Vegas: mona- 
zite, analysis: 68. 
Bull Creek area, 15 mi. W. of Las Vegas: 
monazite with uranium: 69. 
29 of Willow Creek District: 


Elk Mt., W. of Las Vegas: samarskite: 69. 
Uranium Occurrences— 
Bull Creek, 15 y from Las Vegas: mona- 


zite, analysis: 
Bull Creek area, 15 mi. W. of Las Vegas: 
monazite with uranium: 69. 





MARGARET COOPER—BIBLIOGRAPHY AND INDEX 


Elk Mt. area W. of Las Vegas: samarskite:( 
— Vegas, S.W. of: cyrtolite, pitchblend 


Santa Fe County 
Moprazite Occurrences— 
Glorieta: 66, 69; really from Taos: 67. 
Los Cerillos: 11 
Tuer and Arroyo, area between: 69. 
Thorium Occurrences— 
Cerrillos Mining District, Galisteo mon. 
cline W. of Cerrillos Hills: allanite: 69, 
Glorieta: monazite: 66, 69; 
monazite reported, Teally from Taos: 6), 
Los Cerillos: monazite: 11. 
Tuer and Arroyo, area between: monazit: 
in black sand: 69. 
Uranium Occurrences— 
Glorieta: monazite reported, really from 
Taos: 67. 


Schroeckingerite Occurrences 
under individual county names and under 
Index III, Schroeckingerite Occurrences— 
New Mexico. 


Sierra County 
Monazite Occurrences— 
Pittsburg Mining District: 69. 
Shandon: 11, 82; in black sands: 78. 
Thorium Occurrences— 
Pittsburg Mining District: 
monazite in black sand: 69. 
Shandon: monazite: 11, 82; 
monazite in black sands: 78. 


Socorro County 
Autunite Occurrences— 
San Lorenzo Mining District: (?) 54, @. 
Carnotite Occurrences— 
Scholle: 54, 69, 93, 99. 
Torbernite Occurrences— 
San Lorenzo Gulch, Polvadera Hills, 6 mi 
W. of San Acacia: 50. 
San Lorenzo Mining District: © 54, @. 
Jerome Copper mine, N.E. side Limita 
Mts.: 40. 


Unnamed location: 49. 

Uranium Occurrences— ; 

San Lorenzo Gulch, Polvadera Hills, 6 m 
W. of San Acacia: torbernite: 50. 

San Lorenzo Mining District: autunite, to 
bernite, uranophane: (?) 54, 69. 
—_ Copper mine, N.E. side Limite 

ts.: torbernite, uranophane: 40. 
erome Copper mine: uranophane: 00. 
Scholle: carnotite: 54, 69, 93, 
Unnamed location: torbernite: 49. 
Uranophane Occurrences— 

San Lorenzo Mining District: (?) 54, @ 

ioe en mine, N.E. side Limits 
Mts.: 


Jerome ae mine: 60. 


Taos County 
Microlite Occurrences— 
Harding mine (pegmatite), with beryl, § 
mi. E. of Dixon: 64, 98, 141. 
Harding tite: 65. 
Microlite plant yields 95% recovery: 98. 
Monazite Occurrences— 
Taos, reported from Glorieta: 67. 
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Thorium Occurrences— 
Harding mine area: unnamed thorium min- 
eral with trace of uranium: 69. 
Taos: monazite, reported from Glorieta: 67. 
Uranium Occurrences— ; 
Harding mine (pegmatite), 8 mi. E. of Dixon: 
microlite, beryl: 64, 98, 141. 
mine area: unnamed thorium min- 
Bodine with trace of uranium: 69. 
gow Be goat microlite, beryl: 65; 
of deposit: 65 
ufone recovery plant: 9 
Taos: monazite, reported Ae Glorieta: 67. 


Thorium Occurrences 
See under individual county names and under 
Index III, Thorium Occurrences—New Mex- 


ico. 
Bibliography: 4, 9. 
Thorium Processes 
See under individual county names and under 
Index III, Thorium Processes—New Mexico. 


Thorium Production 
See under individual county names and under 
Index III, Thorium Production—New Mex- 
ico. 


Torbernite Occurrences 
See under individual county names and under 
Index III, Torbernite Occurrences—New 
Mexico. 


Tyuyamunite Occurrences 
See under individual county names and under 
Index III, Tyuyamunite Occurrences—New 
Mexico. 
Uraninite Occurrences 
See under individual county names and under 
Index III, Uraninite Occurrences—New Mex- 
ico. 


Uranium Development 
See under individual county names and under 
Index III, Uranium Development—New 
Mexico. 


Uranium Exploration 
See under individual county names and under 
Index ITI, Uranium Exploration—New Mex- 
ico. 


ing Programs:— 

U.S.A.E.C. (by private contractors), meth- 
ods and results: 18. 

U.S.B.M., methods and results: 18. 

U.S.G.S., methods and results: 18. 

Uranium Occurrences 
See under individual county names and under 
oe III, Uranium Occurrences—New Mex- 


ents: 4, 9, 10. 
Uronium Prices 
See under individual county names and under 
Index III, Uranium Prices—New Mexico. 
Uranium Processes 
See under individual county names and under 
ex III, Uranium Processes—New Mexico. 
Uranium Production 
See under individual county names and under 


Index III, Uranium Production—New Mex- 
ico, 
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Uranium Prospecting 
under individual county names and under 
Index III, Uranium Prospecting—New Mex- 
ico. 


Uranium Purchases 
See under individual county names and under 
Index III, Uranium Purchases—New Mexico. 


Uranophane Occurrences 
See under individual county names and under 
Le or hy III, Uranophane Occurrences—New 
exico 


Valencia County 
Carnotite Occurrences— 

Grants area, in Morrison fm.: 89. 

Grants area, in Todilto limestone: 89. 
Santa Fe Railway land: 165, 175. 

Copper-Uranium Deposits— 
opper Hill: 107. 
Schroeckingerite Occurrences— 
Grants area, in Morrison fm.: 89. 
Tyuyamunite Occurrences— 

Grants area, in Todilto limestone: 89. 
Santa Fe Railway land, in Todilto lime- 
stone: 173. 

Uranium Development— 
Grants area: 88. 
Laguna Indian Reservation: 
Anaconda to explore and develop: 181; 
Indians to get uranium royalties: 181. 
Uranium Exploration— 
— area: test-pitting: 89; wagon-drilling: 


Uranium Occurrences— 

Copper Hill: uranium oxide with orem 107. 

Grants area: carnotite in Brushy Basin 
sandstone: 53; carnotite in Reca _ 
sandstone: 53; carnotite in Todilto li 
stone: 53; carnotite and schroeckingerite 
in Morrison fm.: 89; carnotite, tyuyamu- 
nite, and uranophane i in Todilto limestone: 
i pitchblende: 89; uranium deposits: 


Operation Haystack, W. of Grants: ura- 
nium deposit: 170. 

sors; Fe Railway land: carnotite: 165, 
low-grade uranium ore: 172; 
tyuyamunite in Todilto limestone: 173; 
uranium deposits: 174; 
uranium production by Haystack Moun- 


tain ft saa pe ene eaaal 177. 


mda to explore al develop: 181; 
uranium deposits: 170; 180. 
ia Indian Reservation, 50 mi. W. of 
bu —_- uranium deposits: 177. 
Unaient fenend 
Bluewater area: Anaconda to build mill: 
177, 181. 
Grants area: plant to be built by Anaconda 
for tion in 1953: 180. 
Uranium uction— 
aT ial. area: Anaconda to build mill: 
Santa Fe Railway land: uranium produced 
my Haystack Mountain Development Co.: 


Uranophane Occurrences— 
Grants area, in Todilto limestone: 89. 
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UNITED STATES 


General 
Uranium Bonus— 
U.S.A.E.C. Bonus: 2, 187; Colorado Plateau: 
163. 
Uranium prices— 
Minimum prices guaranteed: 2, 187. 
Uranium Production— 
U.S.A.E.C. Bonus as incentive: Colorado 
Plateau: 163. 
Uranium Prospecting— 
Suggestions for prospecting work: 63. 


Inpex III 


Supyect INDEX FOR ARIZONA, NEVADA, AND 
New Mexico 


(Numbers refer to-References Listed 
in Bibliography) 
A 
ALLANITE MINERALOGY 
General 


Chemical composition: 23, 24. 
Physical properties: 23, 24 


ALLANITE OCCURRENCES 
Arizona 
See Thorium Occurrences—Arizona: 2, 6, 23, 24. 


Nevada 
See Thorium Occurrences—Nevada: 79. 


New Mexico 
See Thorium Occurrences—New Mexico: 69. 


ANDERSONITE MINERALOGY 


General 
Analyses: Arizona specimen: 3. 
Physical Properties: 3 


oo OCCURRENCES 


7 
Tide oad ac N. of Bagdad: 3, 103, 138, 
mst. 


ASPHALTITES, URANIUM-BEARING, OC- 
CURRENCES 


Nevada 
Eureka County— 
Unnamed location in Pinon Range, 15 mi. 
S. of Palisade: 26. 


AUTUNITE OCCURRENCES 


Nevada 
Nye County— 
Round Mt.: 
Tonopah, some 6-8% 


New Mexico 
Grant County— 
Big Burro Mt.: 
s helps Ded Co.’s 3 claims, 10 mi. S. of 
camp at . 56. 
Eureke “Mining ry own (?): 69 


uranium ore: 157. 


MARGARET COOPER—BIBLIOGRAPHY AND INDEX 


White Oaks (should read: White Signal 
Mining District, 9 mi. S. of Tyrone: " 

White Signal Mining District: 54, 69, 10, 
Acme claim: 57. 


Burro Mts., 4 mi. E. of, in diabase dikes: 


55. 
Foster claim: 57. 
Grissom claim: 57. 
Merry Widow claim: 57. 
Shamrock claim: 57. 
Tullock mine: 57. 
Hidalgo County- 
Sylvanite Mining District: 69. 
Socorro County— 
San Lorenzo Mining District: (?) 54, 69, 


B 
BASTNASITE OCCURRENCES 


Nevada 
Clark County— 
Clark Mt.: 162. 


New Mexico 
Lincoln County— 
Gallinas Mining District: 183. 
Gallinas Mts.: 179 
All American prospect near head of Red 
Cloud Canyon: 76. 
Eagle Nest claim No. 2: 8. 
Eagle Nest prospect 3 mi. N. of Red 
Cloud mine on SW-trending spur o 
Rough Mt.: 76. 
Red Cloud prospect in Red Cloud Canyon 
76. 


BAYLEYITE MINERALOGY 


General 
Analyses: Arizona specimen: 3. 
Physical Properties: 3. 


BAYLEYITE OCCURRENCES 


Arizona 
Yavapai County 
Hillside mine NN. of Bagdad: 3, 103, 138, 151, 


BIBLIOGRAPHIES 
Arizona 
Carnotite Occurrences: 61, 96. 
Monazite Occurrences: 96. 


Thorium Occurrences: 9, 96. 
Uranium Occurrences: 9, 10, 61, 96. 


Carnolite Occurrences 
Arizona: 61, 96. 


Monasziie Occurrences 
Arizona: 96. 

Nevada 
Thorium Occurrences: 9. 
Uranium Occurrences: 9, 10, 26. 


New Mexico 
Thorium Occurrences: 4, 9. 
Uranium Occurrences: 4, 9, 10. 


Thorium Occurrences 
Arizona: 9, 96. 
Nevada: 9. 

New Mexico: 4, 9. 

Uranium Occurrences 
Arizona: 9, 10, 61, 96. 
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Nevada: 9, 10, 26. 
New Mexico: 4, 9, 10. 


Cc 
CARNOTITE MINERALOGY 


General - 
Chemical composition: 1, 23, 24; tests: 1. 
Physical properties: 1, 23, 24. 


Nevada 
Specimens compared: 37. 


CARNOTITE OCCURRENCES 


risona 
‘ General: 7; (in) Morrison fm.: 22; (in) Petrified 
wood: 148; (in) Shinarump conglomerate: 
22. 
Northeast part: 14. 
Apache County— 
Navajo Indian Reservation: 
General: 1, 16, 41, 78, 82, 108, 109, 147, 
150, 161, 166. 
Carrizo Mts.: 7, 86, 87. West of: 2, 23, 24. 
Claims subleased to V.C.A. by A.E.C.: 
140. 
Four Corners area: 17. 
Lukachukai Basin S. of Red Rock: 166. 
Lukachukai Mts.: 63, 167. 
Mesa Four-and-a-Half: 51. 
Mesa V, 10 mi. W. of Red Rock, in 
Salt Wash, Morrison fm.: 51. 
Bibliography: 61, 96. 
Cochise a ad 
Tombstone Mining District: 1, 7. 
Coconino County— 
Hack’s Canyon near Fredonia: 17. 
Vermillion Cliffs, in petrified wood: 146; 3% 
uranium: 142. 
Gila County— 
Mercer-King Consolidated Mines, Ltd., near 
Radium: 125. 
Vanadinite Group of claims, 3 mi. N. of 
Globe: 41. 
Maricopa County— 
Aguila: 120 


Vulture Mts., S. of Aguila: 2, 23, 24, 34. 
Ray’s Camp area near Aguila: 36, 38. 
Treloar’s ies near Aguila: 36, 38. 

Navajo County— 
Kayenta area: 7. 
Monument Valley: 2, 7, 23, 24. 
Bibliographies 
Arizona: 61, 96. 


Shinarump conglomerate: 22. 
Morrison Formation 
eral: 
Arizona: 22. 
Colorado Plateau: 22. 
New Mexico: 22. 
Nesada 
General: 117. 
Clark County— 
Sloan Mining District: 
Sloan: 26, 34. 
2 mi. S. of: 59, 126. 


SUBJECT INDEX 





Sutor Mining District: 
Sutor, 2 mi. W. of: 126. 
Sutor area, several deposits: 37, 59. 
Yellow Pine Mining District: 
Goodsprings: 126. 
2 mi. N. of: 59. 
Humboldt County— 
Virgin Valley, in opal: 85. 
Lincoln County— 
Atlanta Mining District: 59. 
Atlanta mine: 37, 39, 82, 126. 
Pioche: 34. 


New Mexico 
General: 
Morrison fm.: 22. 
Unnamed location, N.W. part of state: 93. 
McKinley County— 
Grants area: 
Santa Fe Railway land: 176. 
Sandoval County— 
Cochiti Mining District: 54. 
Peralta Canyon: 40, 60, 69. 
San Juan County— 
Farmington: 99. 
Navajo Indian Reservation: 161, 172. 
Carrizo Mt.: 54. 
Carrizo Mts.: 86, 87; E. flank: 69. 
Claims subleased to V.C.A. by A.E.C.: 


140. 
Lukachukai Mts.: 185. 
Socorro County— 
Scholle: 54, 69, 93, 99. 
Valencia County— 
Grants Area: 
(in) Brushy Basin sandstone: 53. 
(in) Morrison fm.: 89. 
(in) Recapture sandstone: 53. 
(in) Todilto limestone: 53, 89. 
Santa Fe Railway land: 165, 175. 


Origin: 87. 
Prospecting: 87. 


Sandstone, in 
Arizona: 


na: 
General: 46. 
New Mexico: 
General: 46. 


Shinarump Conglomerate 
General: 
Arizona: 22. 
Colorado Plateau: 22. 


CHANNEL DEPOSITS, URANIUM-BEARING 


Channel Deposits, Uranium-bearing: See Morri- 
son Formation: 22. 


CHEVKINITE MINERALOGY 


General 

Analyses: Arizona specimen: 44. 
Chemical composition: 24. 

Physical properties: 24. 

X-ray examination: Arizona specimen: 44. 
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CHEVKINITE OCCURRENCES 


Arizona 
Mohave County— 
Aquarius Mts.: 2, 24, 44. 
CLAYS, URANIUM-BEARING, OCCUR- 
RENCES 
Arisona 
Mohave County— 
Aquarius Mts.: euxenite: 122. 


Nevada 
Lincoln County— 
Patterson Mining District: 
Cave Valley cave: 80. 


COPPER-URANIUM DEPOSITS 
Arizona 
Coconino County— 
Hack’s Canyon in copper mine: 15, 16. 
Navajo Bridge, E. & N. of: 21. 
Mohave County— 
Rainbow claims W. of Pipe Springs National 
Monument: 21. 
New Mexico 
Valencia County— 
Copper Hill: 107. 


CYRTOLITE OCCURRENCES 
New Mexico 


San Miguel County— 
Las Tone, S.W. of: 69. 
D-E 


EUXENITE MINERALOGY 


General 
} Chemical composition: 23, 24. 
' Physical properties: 23, 24. 


EUXENITE OCCURRENCES 


Arizona 
Mohave County— 
Aquarius Mts., in clay: 122. 
Big Sandy River, E. of, S. of Burro Creek: 
5, 23, 24 


Kingman Feldspar mine, Cerbat Range: 2, 
23, 24. 


F 


FERGUSONITE MINERALOGY 


General 
Chemical composition: 23, 24. 
Physical properties: 23, 24. 


FERGUSONITE OCCURRENCES 


Arizona 
Mohave County— 
Oatman Route, Kingman: 17. 
Yavapai County— 
Yarnell Hill area: 23, 24. 


New Mexico 
Rio Arriba County— 
Petaca Mining District: 
Fridlund dike, 24 mi. S. of Petaca: 69. 
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FLUORESCENCE 


General 
Definition: 32. 
Methods of detection: 32. 
Minerals: 32. 


FLUORESCENT MINERALS, URANIVYS 


BEARING, OCCURRENCES 
New Mexico 
General: 
Mineral headings: autunite, johannite, mets. 
torbernite, schroeckingerite, torbernite: 3) 


FLUORITE, URANIUM-BEARING, OCCUR. 
RENCES 


New Mexico 
General: 95. 


G 


GADOLINITE MINERALOGY 


General 
Chemical composition: 23, 24. 
Physical properties: 23, 24. 


GADOLINITE OCCURRENCES 
Arizona 
See Thorium Occurrences—Arizona: 2, 23, 24 
30, 108, 109. 


GUMMITE OCCURRENCES 


New Mexico 
McKinley County— 
Grants area: 
Santa Fe Railway land: 176. 
Rio Arriba County— 
Petaca Mining District: 54. 
Beryl Prospect N. of Cribbensville & S. 
of Canada la Jarita: 42. 
Claim 24% mi. S.W. of Petaca: 69. 


H-K 


KASOLITE OCCURRENCES 
Arizona 
Pima County— 
Iris claims: 103. 
Lena claims: 103. 
St. Joe claims: 103. 


KITHILITE OCCURRENCES 
New Mexico 
Grant County— 
White Signal Mining District: 
Camp Kithil near Silver City: 111. 
Tyrone: 58. 


L 
LATERITES, URANIUM-BEARING, OCCUR- 
RENCES 
Arizona 


Navajo County— 
Oljeto N. of Kayenta: 72. 
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mete) 17 MESTONES, URANIUM-BEARING, 


IGNITES, URANIUM-BEARING, OCCUR- 
RENCES 


al 
5 27; New Mexico: 53, 62. 


Nevada 
General: 27. 


Rio Arriba " County—General: 53. 
Sandoval County—General: 53. 


CURRENCES 


General 
New Mexico: 27. 
New Mexico 
General: 27. 
McKinley County— 
Zuni Uplift: 20. 


M 


META-TORBERNITE OCCURRENCES 
Arizona 
Cochise County— 
“Howard” claim: 103. 
Pima County— 
Papago Chief mine: 103. 


MICROLITE OCCURRENCES 


Arizona 
Maricopa County— 
Morristown, E. of: 17. 
New Mexico 
Mora County— 
Pidlite pegmatite: 70. 
Taos County— 
g mine tite) with beryl, 8 mi. 
E. of Dixon: 64, 65, 98, 141. 


MONAZITE MINERALOGY 


General 
Chemical composition: 23, 24. 
New Mexico: pilot analysis made of specimen: 
67; specimens analyzed: 66. 
Physical properties: 23, 24. 


MONAZITE OCCURRENCES 
Arizona 
Bibliography: 96. 
Mohave County— 
Aquarius Mts.: 2, 24, 44. 
Chemehuevis District, Mohave Mts., 20 mi. 
. S.E. of Topock: 2, 23, 24, 31. 
a 


vapai County— 
Black Canyon Creek: 11. 


Bibliographies 
Arizona: 96. 


Nevada 
Ormsby County— 
Coen City: 1, 59, 82; in black sands: 78. 
New Mexico 
General: 117, 
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Dona Ana County— 


Mining District: 69. 
Middle Rio Grande Valley: 74. 
Valencia County— 
Bosque, 0.6% or less in Rio Grande River 
sands: 75. 


Rio Arriba County— 
Chama River: 40, 69. 
— Mining District: 
A Prospect N. of Cribbensville & S. 
a la Jarita: 42. 
CAbbenville mine, Petaca: 66, 69. 
Fridlund claim, 214 mi. S.W. of Petaca: 35. 
Fridlund mine 'S. of Canada la Jarita: 42. 
Globe mine: 100. 
Globe pegmatite: 100. 
Las Tablas: 19. 
Miller mine S. of Canada la Jarita: 42. 
~~ ay el County— 
reek, 15 mi. from Las Vegas: analysis: 


Bull Creek area, 15 mi. W. of Las Vegas: 69. 

Elk Mt., E. of Willow Creek District: 69. 
Santa Fe County— 

Glorieta: 66, 69 ‘ied from Taos: 67. 

Los Cerillos: 1 

Tuer and ca area between: 69. 
Sierra County— 

Pittsburg Mining District: 69. 

Ghentione 11, 82; in black sands: 78. 
Taos County— 

Taos, reported from Glorieta: 67. 


MORRISON FORMATION 
Carnotite Occurrences 
General: 
Arizona: 22. 
Colorado Plateau: channel deposits: 22; gene- 
is: 22; geology: 22; ore deposits: 22; 
uranium production: 22. 
New Mexico: 22. 


N-O 
OPAL, URANIUM-BEARING, OCCURRENCES 


Nevada Z 
Humboldt County— 
Virgin Valley: carnotite: 85. 


P 


PETRIFIED WOOD, URANIUM-BEARING, 
OCCURRENCES 
General 1. 
Arizona 
General: carnotite: 148. 
Coconino County— 
Lee’s Ferry: 21. 
Marble Canyon: 21. 
Vermillion Cliffs: 16, 144. 
carnotite: 142, 146. 
Navajo County— 
Holbrook, S. of: 144. 


PITCHBLENDE MINERALOGY 


General 
Physical properties: 
Arizona specimen: 101. 
Radiometric analyses 


Arizona specimen: ‘101. 
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PITCHBLENDE OCCURRENCES 


Arizona 
Mohave County— 
Jim Kane mine N.W. of Kingman: 103. 
Pima Coun 
Ajo Mining District: 
J. M. Pope’s seven claims, samples ana- 
lyzed: 110. 
Lena claims: 103 
Pinal County— 
Kate No. 3 claim: 103. 
Santa Cruz County— 
Annie Laurie claims: 103. 
Annie Laurie prospect near Ruby: 101. 
Wrightson Mining District: 
Happy Jack mine: 7, 103. 
Yavapai County— 
Hillside mine N. of Bagdad: 103. 
W. H. Slaughter’s mine near Columbia: 
105. 


Nevada 
Humboldt County— 


Rocky Canyon, vein being developed: 188. 
Lyon County— 
Southern part: 155. 
New Mexico 
Grant County— 
= Hawk Mining District: 
White Signal Mining District: 
Black Hawk camp at Bullard’s Peak, 12 
mi. N. W. of Tyrone: 57. 
Merry Widow mine at Silver City: 127. 
Tyrone: 58. 
McKinley County— 
Grants area: 


Santa Fe Railway land: 176. 
Zuni Uplift area 5 mi. N. of Prewitt: 63. 
Rio Arriba County— 
Petaca Mining District: 
Claim 24 mi. S.W. of Petaca: 69. 
San oe County— 
Las Vegas, S.W. of: 69. 


PYROMORPHITE, URANIUM-BEARING, OC- 
CURRENCES 


Arizona 
Graham County— 
Golondrina claims: 103. 
Santa Cruz ys a 
“Spelbrink” claim: 103. 


Q 


QUARTZITE, RADIOACTIVE 


o— Radioactive: See Radioactive Quart- 
zite: 


QUARTZITE, URANIUM-BEARING, OCCUR- 
RENCES 


Arizona 
Gila County— 
Red Bluff Prospect: 
Dripping Springs quartzite: 43. 
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R 
RADIOACTIVE AREAS 


Arizona 
Pinal County— 


—— mine, Superior: sulphide minenjt 


Nevada 
Esmeralda County— 
Mohawk property: radioactive mineral: {7|, 
Lyon County— 
Rink claim, Cambridge Mining Co,, ney 
Yerington: radioactive deposits: 128, 


New Mexico 
Grant County— 
Hanover: lead-zinc ore: 45. 


RADIOACTIVE MINERALS, THORIUM. 
BEARING, OCCURRENCES 
New Mexico 
General: 
Minerals named: 32. 
RADIOACTIVE MINERALS, URANIUM. 
BEARING, OCCURRENCES 
New Mexico 
General: 
Minerals named: 32. 
RADIOACTIVE QUARTZITE 
Arizona 
Gila County— 


Dripping Springs quartzite: 43. 
Globe, 35 mi. N. of: 17. 


RADIOACTIVE ROCKS 


Arizona 
Gila County— 
ping Springs quartzite: 43. 
Glebe 35 mi. N. of: rr quartzite 
found by the Carl Larsons: 1 


RADIOACTIVE SPRINGS 


Arizona 
Yavapai County— 
Castle Hot Springs in foothills of Bradshar 
Mts.: radioactive but no radium content 
5. 


Yuma County— 
Radium Hot Springs near S.E. margin of 
Muggins Mts.: radium emanation in water: 

97. 


RADIOACTIVITY 


General 
Definition: 32. 
Methods of detection: 32; 
electrosco : : 
— Muller Counter, description: 2; ust 


dilepabie: 2. 
Minerals: 32. 
RADIUM OCCURRENCES 


General: 113. 
New Mexico 
See Uranium Occurrences—New Mexico: 92. 
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= OCCURRENCES 


New M 
McKinley County— 
Grants area: 
Santa Fe Railway land: 176. 


Ss 


SALT WASH, MORRISON FORMATION 


Uranium Occurrences 
Arizona: é 
Carrizo Mts.: uranium & vanadium oxides: 


52. 
Lukachukai Mts.: carnotite: 51. 


SAMARSKITE MINERALOGY 


General 
Chemical composition: 23, 24. 
New Mexico: genesis of specimen: 35, radio- 
graph analysis of specimen: 35. 
Physical sunpantien: 23, 24. 


SAMARSKITE OCCURRENCES 


Arizona 
Mohave County— 
Aquarius Mts.: 2, 23, 24, 44. 
, N.E. of: 17. 
Yavapai County— 
Black Hills near Jerome: 2, 23, 24. 


New Mexico 
Rio Arriba County— 
— Lge es 


tite: 
Bet Pees 


+. a cr Cribbensville & S. 
— ‘laine ay 2 S.W. of Petaca: 


Fridlund dike, 244 mi. S. of Petaca: 69. 
Fridlund mine S. of Canada la Jarita: 42. 
Globe mine: 100. 
Globe tite: 100. 
Las Tablas: 40. 
Lobato mine near Las Tablas: 19, 69. 
Miller mine S. of Canada la Jarita: 42. 

San Miguel County— 

Elk Mt. area, W. of Las Vegas: 69. 


SCHROECKINGERITE MINERALOGY 


a 
: Arizona specimen: 3. 
Physical properties: 3. 


a TE OCCURRENCES 


. i County— 


ide mine N. of Bagdad: 3, 138. 


New Mexico 
Valencia County— 
Grants area, in Morrison fm.: 89. 


SHINARUMP CONGLOMERATE 
Carnotite Occurrences 
General: 


Arizona: 22. 
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SWARTZITE MINERALOGY 


General 
Analyses: Arizona specimen: 3. 
Physical properties: 3. 


SWARTZITE OCCURRENCES 


Arizona 
Yavapai County— 
Hillside cine. of Bagdad: 3, 103, 138, 151 


T 


THORIUM MINERALS 


Mineralogy 
Gena lists of equivalent names: 58. 


THORIUM OCCURRENCES 


Arizona 
General: 12, 25. 
Bibliogra hy: 9, 96. 
Cochise ¢ ounty— 

Tombstone Mining District: allanite: 2, 23, 
24; allanite in granodiorite: 6. 

Mohave County— 

Aquarius Mts.: allanite, chevkinite, olin- 
ite, monazite, samarskite: 2, 24, 44; allan- 
~ gadolinite in pegmatites, samarskite: 

Big Sandy River, E. of, S. of Burro Creek: 
euxenite: 2, 23, 

Chemehuevis Mining District, Mohave Mts., 
20 mi. S.E. of Topock: monazite: 2, 23, 
24; monazite in stream gravels: 31. 

Hackberry, 20 mi. S. of: gadolinite in pegma- 
tite: 108, 109. 

Kingman: gadolinite: 30. 

Kingman, N.E. of: samarskite: 17. 

Kingman Feldspar mine, Cerbat Range: 

ite, euxenite: 2; allanite in pegmatite, 
euxenite, gadolinite: 23; euxenite, gadolin- 
ite: 

North part: gadolinite in sand dunes: 24. 

Oatman Route, Kingman: fergusonite: 17. 

Yavapai County— 
Black Canyon Creek: monazite: 11. 
— Hills near Jerome: samarskite: 2, 23, 


Sani Mining District on 7-U-7 Ranch near 
Bagdad: allanite, torbernite: 2; allanite: 


23, 24. 
- Yarnell Hill area: fergusonite: 
23, 24. 


Bibliographies 
Arizona: 9, 96 
Nevada: 9. 

New Mexico: 4, 9. 


Nevada 
General: 12, 25. 
Bibliography: 9. 
Clark County— 
Clark Mt.: bastnasite: 162. 
Elko County— 
Contact Mining District: allanite: 79. 
Ormsby County— 
Carson City: monazite: 11, 82; monazite in 
black sands: 59, 78. 








228 








New Mexico 
General: 12, 25; monazite: 117. 
Bibliography: 4, 9. 
Dona Ana County— 
Lincaln. Mining District: monazite: 69. 
phe A 
District: bastnasite: 183. 
Gallina: Mts tnasite: 179. 
Eagle Nest ee No. 2: bastnasite: 8. 
Red Cloud Canyon: bastnasite: 76. 
McKinley County— 
Grants area: 
Santa Fe Railway land: gummite, ruther- 
fordine in Todilto limestone: 176. 
Middle Rio Grande Valley:— 
monazite: 74. 
Valencia County— 
Bosque: monazite in Rio Grande River 
sands: 75. 
Rio Arriba County— 
Chama River: monazite in sand: (?) 40, 69. 
Petaca Mining District: gummite, samar- 
skite, uraninite, uranophane: 54; samar- 
skite in pegmatite: 70. 
a? Prospect N. of Cribbensville & S. 
Canada la Jarita: gummite, monazite, 
samarskite, uraninite: 42. 
Claim 24 mi. S.W. of Petaca: gummite, 
pitchblende, uranophane: 69. 
Cribbenville mine, Petaca: monazite with 
uranium: 66, 69 
Fridlund claim, Oi mi. S.W. of Petaca: 
monazite, samarskite, uraninite: 35. 
Fridlund dike, 2% mi. S. of Petaca: 
fergusonite, samarskite, uraninite: 69. 
Fridlund mine S. of Canada la Jarita: 
monazite, samarskite: 42. 
Globe mine: monazite, samarskite: 100. 
= pegmatite: monazite, samarskite: 
100. 
Las Tablas: monazite: 
thorium, etc.: 40. 
a) mine near Las Tablas: samarskite: 
19 
Miller mine S. of Canada la Jarita: mona- 
zite, samarskite: 42. 
“Ball Ge County— 
reek, b mi. from Las Vegas: monazite, 


19; samarskite, 


Bull C > area, 15 mi. W. of Las Vegas: 
monazite with uranium: 69. 
” Mt., E. of Willow Creek District: mona- 


te: 69. 
Elk Mt, W. of Las Vegas: samarskite: 69. 
Santa Fe County— 
Cerrillos Mining District, Galisteo monocline 
W. of Cerrillos Hills: allanite: 69 
Glorieta: monazite: 66, 69; monazite re- 
ported, really from Taos: 67. 
Los Cerillos: monazite: 11. 
Tuer and Arroyo, area between: monazite in 
black sand: 69. 
Sierra County— 
Pittsburg Mining District: monazite in black 
sand: 69. 
Shandon: monazite: 11, 82; monazite in 
black sands: 78. 
Taos County— 
mine area: unnamed thorium min- 
eral with trace of uranium: 69. 
Taos: monazite, reported from Glorieta: 67. 
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THORIUM PROCESSES 


New Mexico 
Lincoln County- 
~ s Mts.: mill for processing bastnasit. 
179. 


THORIUM PRODUCTION 


New Mexico 
Lincoln County— 
Gallinas Mts.: bastnasite ore processed: {79. 


TORBERNITE MINERALOGY 


General 
Chemical composition: 23, 24. 
Physical properties: 23, 24. 


TORBERNITE OCCURRENCES 
Arizona 

General: 
Northwest part: 14. 

Gila County— 
— mine, Miami Mining District: 

Yavapai County— 
Eureka Mining District on 7-U-7 Ranch nea 

Bagdad: 2, 23, 24. 


Nevada 
Nye County— 
Round Mt.: 
Tonopah: 133, 134. 
Pershing County— 
Antelope Mining District: 
Majuba Hill: 84. 


New Mexico 
General: 118. 
Grant County— 
Big Burro Mt.: 
Ra-Tor-Plac Co.’s 3 claims, 10 mi. S. oi 
Phelps Dodge camp at Tyrone: 56. 
White Oaks (should read: White 7 
Mining District, 9 mi. S. of Tyrone: 
White Signal Mining District: 54, 69, 102. 
Acme claim: 57. 
ak Mts., 4 mi. E. of, in diabase dikes: 


5. 
Camp Kithil: 112. 
Foster claim: 57. 
Grissom claim: 57. 
Merry Widow claim: 28, 57. 
Merry Widow mine at Silver City: 12. 
Otto Forester’s radium mine, 1 mi. S. 0 
White Signal post office: 19. 
Shamrock claim: 57. 
Signal City: 93. 
Silver City: 99, 115. 
Tullock mine: 57. 
Tyrone: 58. 
Socorro County— 
San Lorenzo Gulch, Polvadera Hills, 6 m: 
W. of San Acacia: 50. 
San Lorenzo Mining District: (?) 54, 6. 
Jerome Copper mine, N.E. side Limita 
Mts.: 40. 


Unnamed location: 49. 


TYUYAMUNITE MINERALOGY 


General 
Chemical compositions: 23, 24. 
Physical properties: 23, 24 
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tryUYAMUNITE OCCURRENCES 


Arizona 
Cochise County— 
Bisbee: 2, 23, 24, 34. 
New Mexico 
McKinley County— 
Grants area: Santa Fe Railway land: 176. 
Valencia County— 
Grants area, in Todilto limestone: 89. 
Santa Fe Railway land in Todilto lime- 
stone: 173. 


U 


URANINITE OCCURRENCES 


Arisona 
Colfax County— 
President mine near Elizabethtown: 104. 
Pima County— 
Black Dike claims: 103. 
Santa Cruz County— 
Harshaw Mining District: 81. 
Wrightson Mining District: 
Happy Jack mine: 81, 82. 
New Mexico 
Rio Arriba County— 
Petaca Mining District: 54. 
Beryl t N. of Cribbensville & S. 
of Ca la Jarita: 42. 
Fridlund claim, 24% mi. S.W. of Petaca: 


35. 
Fridlund dike, 244 mi. S. of Petaca: 69. 


URANIUM BONUSES 


Colorado Plateau 
U.S.A.E.C. Bonus: 163, 187. 
United States 
U.S.A.E.C. Bonus: 2, 187; 
Colorado Plateau: 163. 


URANIUM DEVELOPMENT 


Arisona 
Apache County— 
Navajo Indian Reservation: 
Lukachukai Mts.: mining recommenda- 
_ _ tions: 169; ore reserves developed: 169. 
Gila County— 
Mercer-King Consolidated Mines, Ltd., near 
Radium: concentration plant may be built: 
125; mine to be developed: 125. 
Colorado Plateau 
General: 73. 
Nevada 
Nye County— 
Round Mt.: 

Heneberg property (or Rainbow claims): 
uranium deposits: 137, 143; new devel- 
opment work: 158. 

Tonopah: commercial uranium: 133. 

New Mexico 
Grant County— 
White Signal Mining District: 
Merry Widow mine at Silver City: shaft 
deepened: 127. 
Tyrone: torbernite being mined: 58. 
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McKinley —, 
Grants area: 88. 
Santa Fe Railway land: 73; development 
work: 176. 
Valencia County— 
Grants area: 88. 
Indian Reservation: Anaconda to 
explore and develop: 181; Indians to get 
uranium royalties: 181. 


URANIUM EXPLORATION 
Arizona 
Apache County— 
Navajo Indian Reservation: 
drilling program for 1951: 144. 
Drilling Programs: 


General: 18. 


Colorado Plateau 
Drilling Programs— 
U.S.A.E.C, (by private contractors), methods 
and results: 18. 
U.S.B.M., methods and results: 18. 
U.S.G.S., methods and results: 18. 
Navajo Indian Reservation 
General: 
Navajo finders can claim ore: 77. 
bt are Training Program for Indians: 


Nevada 
General: tests by Uranium Vanadium Explora- 
tion Co.: 139. 


New Mexico 
General: 18. 
Valencia County— 
Grants area: test-pitting: 89; wagon-drilling: 
89. 


URANIUM MINERALS 


Mineralogy 
General: lists of equivalent names: 58. 
Chemical composition: 2. 
Physical properties: color: 2; crystal form; 
; hardness: 2; lustre: 2; specific gravity: 2. 


URANIUM MINING 


Navajo Indian Reservation 
New regulations for non-Indians: 186. 


URANIUM OCCURRENCES 


Arizona 
General: 12, 13, 25. 

Carnotite: 7 

Carnotite in petrified wood: 148. 

Carnotite in sandstone: 46; in sandstone 

F Fe geo 62. ; 

arson property: ore samples carry 
up to 10% uranium: 144. 

Copper-uranium deposits: 62. 

First commercial deposit in state: 148. 

Hydrothermal vein deposits: 62. 

Northeast part: carnotite: 14. 

Northwest part: inaccessible deposit with 
1.5% uranium in ore; not to be developed: 
136; torbernite: 14. 

Possible occurrences: 71. 
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URANIUM OCCURRENCES (contd.) 


= ous 
pache County— 
Navajo Indian Reservation: 
Cantal: a te 41, 78, 82, 108, 109, 140, 
147, 150, 166. 
Claims sublesed to V.C. A. by A.E.C.: 


Cuaieis D its: 178. 
Uranium in limestone: 164. 
Uranium production: 184. 
V.C.A. operations: 200 t. uranium ore 
daily: 149. 
Carrizo, 3 mi. W. of: uranium: 144; 12 
mi. W. of: uranium: 144. 
Carrizo Mts.: carnotite: 7, 86, 87. 
West of: carnotite: 2, 24; carnotite in 
Morrison (McElmo) sandstone: 23. 
Cove Mesa: uranium & vanadium ox- 
ides in Salt Wash: 5 
Cove Mesa, 14 mi. Ww. of Red Rock: 
uranium: 144. 
Red Rock, ‘5 mi. N. of: uranium: 144. 
Red Rock District: uranium & vana- 
dium oxides in Salt Wash: 52. 
Kinusta (Tree) Mesa: uranium & vana- 
dium oxides in Salt Wash: 52. 
Four Corners area: carnotite: 17. 
Lukachukai Basin: uranium deposits: 150; 
South of Red Rock: carnotite: 166. 
Lukachukai Mts.: carnotite: 63, 167; new 
uranium discoveries: 77; uranium: 169. 
a Sitton property: uranium deposit: 


Mesa Four-and-a-Half: carnotite: 51. 
Mesa V, 10 mi. W. of Red Rock: carnotite 
and vanadium minerals in Salt Wash, 
Morrison fm.: 51. 
bg = ey: location 23 mi. S. of Mexican Hat, 
: uranium: 144. 
Biblio 


poet 9, 10, 61, 96. 
ounty— 
Sieber: a 2, 23, 24, 34. 
“Howard” claim: metatorbernite in quartz- 
wolframite veins: 103. 
Tombstone Mining District: carnotite: 1, 7. 
Valley View claim: uranium oxide: 103. 

Coconino County— 

» N. of: uranium oxide content, 
1.5%: 116. 

Hack’s Canyon in copper mine: copper- 
uranium ores: 15; copper-uranium ores, 
metallurgy under study; 16. 

Hack’s Canyon near Fredonia: carnotite to 
be developed: 17; carnotite to be treated 
at Marysvale, Utah, plant: 17. 

Lee’s Ferry: uranium in petrified wood: 21. 

— Canyon: uranium in petrified wood: 

1. 

Navajo Bridge, E. & N. of: copper-uranium 

deposits: 21. 


Vermillion Cliffs: carnotite in petrified wood: 
146; 3% uranium: 142; uranium in petri- 
fied wood: 16, 144 

Gila County— 

Castle Dome mine, Miami Mining District: 
torbernite: 2, 24. 

Mercer-King Consolidated Mines, Ltd., near 
Radium: carnotite: 125. 

Red Bluff claims: secondary uranium min- 
erals: 103. 
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Red Bluff Prospect in S. end of Sierra A, 
12 mi. N.E. of Roosevelt Dam: uraniyy 
in Dripping Springs quartzite: 43, 
Parker Creek Canyon: 

ae in Dripping Springs quartzit. 





Warm Creek Canyon: 
maaiene in Dripping Springs quartzite: 


Vanadinite Group of claims, 3 mi. N, ¢ 

Globe: carnotite: 41. 
Graham County— 

Golondrina claims: uranium in pyromorphite: 
103. 

Maricopa County— 

Aguila: carnotite: 120. 

Morristown, E. of: microlite, produced by 
Anderson Bros.: 17. 

Prince of Arizona mine, 8 mi. N. of Beard. 
ley station & 31 mi. N.W. of Phoenix: 
uranium oxides: 94, 

Maricopa County— 

Vulture Mts. S. of Aguila: carnotite: 2, 24, 4: 

carnotite in tuff: 23. 
Ray’s camp area near Aguila: carotite: 
38: carnotite in tuffs: 36. 
Treloar’s claims near Aguila: camotite: 
36, 38. 
Mohave County— 

Aquarius Mts.: allanite chevkinite, gadolin- 
ite, monazite, samarskite: 2; euxenite in 
clay: 122; samarskite: 23, 24. 

Big Ledge claims S.E. of Kingman, Cotton 
wood Mts.: uranium in red jasper: 103. 
Big Sandy River, E. of, S. of Burro Creek: 

euxenite: 2. 

Jim Kane mine N.W. of Kingman: pitch 
blende: 103. 

Kingman, N.E. of: samarskite, produced in 
commercial quantities: 17. 

Kingman Feldspar mine, Cerbat Range: 

nite, euxenite: 2. 

Oatman Route, Kingman: fergusonite, minei 
& concentrated by L. L. Edgerton: 17. 
Rainbow claims W. of Pipe Springs Nationa 

onument: copper-uranium deposits: 21. 

Red Hills claims: secondary uranium mit- 

erals: 103. 
Navajo County— 

Kayenta area: +. woe a 

Holbrook, S. of: 3 
uranium Ache "44: uranium content 0 
ore, 4-5%: 144; uranium in petrified wood 
in Chinle im.: 144 

Monument Valley: carnotite: 2, 7, 24; cat 
notite in Shinarump sandstone: 23. 

Navajo Indian Reservation: uranium pro 
duction: 184. : 

Oljeto N. of Kayenta: uranium in latent 
of McElmo age: 72. 

Pima County— 

Ajo Mining District: 

J. M. Pope’s seven claims: pitchblende, 
samples analyzed: 110. 

Black Dike claims: uraninite: 103. 

Glen claims: uranium in granite: 103. 

Iris claims: kasolite: 103. 

Lena claims: kasolite, pitchblende: 103. 

Natalia claims: uranium deposit: 103. 

Papago Chief mine, 65 mi. from Tucson: 
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ee uranium-bearing salts: 103; 


P; "Mining District: 
wpe mine: uranium oxide: 103. 


St. Joe claims: kasolite, uranophane: 103. 
Sierrita Mts.: uranium deposit: 103. 
Unnamed location in mts.: uranium boro- 
silicate: 91. 
County— 
. a re pitchblende: 103. 
Santa Cruz County— 
Annie Laurie pa pitchblende: 103. 
Annie Laurie prospect near Ruby: pitch- 
blende: 101. 
Harshaw Mining District: uraninite: 81. 
Old Gold No. t claim, S. of Annie Laurie 
claims: uranium oxide: 103. 
Oro Blanco Mining District: 
Frigita Peak, W. side of: uranium oxide: 


103. 

Ruby Mining District: 

Dry Springs: uranium oxide: 103. 

“Spelbrink” claim: uranium in radioactive 
pyromorphite: 103. 

Wrightson Mining District 
Happy Jack mine: pitchblende: 7, 103; 
uraninite: 81, 82. 

Yavapai County— 

Black Hills near Jerome: samarskite: 2, 23, 
24. 

Eureka Mining District on 7-U-7 Ranch 
near Bagdad: allanite, torbernite: 2; tor- 
bernite: 23, 24. 

Hillside mine N. of Bagdad: andersonite, 
bayleyite, pitchblende, swartzite: 103; 
andersonite, bayleyite, schroeckingerite, 

swartzite: 3, 138. 
andersonite, bayleyite, swartzite: 151; 
mine development: $s 
uranium minerals: 83. 

Mesa below Octave and Rich Hill; radium, 
— in black sand, samples analyzed: 

119. 


Prescott area, three locations: 
uranium d its: 168. 

W. H. Slaughter’s mine near Columbia: 
pitchblende: 105. 

Yarnell Hill area: 
fergusonite: 23, 24. 


Asphaliites, Uranium-bearing 
Nevada: 
Eureka County— 
Unnamed location in Pinon Range, 15 mi. 
S. of Palisade: 26. 
Bibliographies 
Arizona: 9, 10, 61, 96. 
Nevada: 9, 10, 26. 
New Mexico: 4, 9, 10. 


Clays, Uranium-bearing 
Arizona: 


Mohave County— 
Aquarius Mts: euxenite: 122. 
Nevada: 
Lincoln County— 
Patterson Mining District: 
Cave Valley cave: trace of uranium 
in clay: 80. 
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Colorado Plateau 
General: 48; carnotite in Entrada and Salt 
6 Wash sagnetnne 63. 

‘arnotite its: 
rnotite Depost 


na: 22. 
Morrison fm.: 22. 
New Mexico: 22. ; 
Shinarump conglomerate: 22. 


Co pon shoes Uranium Deposits 


we County— 
Hack’s Canyon in copper mine: 15, 16. 
Navajo Bridge, F & N. of: 21. 

Mohave County— 
Rainbow claims W. of Pipe Springs Na- 
tional Monument: 21. 


Fluorite, Uranium-bearin 
New Mexico: 
General: 95. 


Lignites, Uranium-bearing 
General 


neral: 

Nevada: 27. 

New Mexico: 62. 
Nevada: 

General: 27. 
New Mexico: 

General: 62. 


Limestones, Uranium-bearing 
General: 
— Mexico: 27. 


hantien County— 
Navajo Indian Reservation: 164, 
New Mexico: 
General: 27. 
McKinley County— 
Zuni Uplift: 20. 


Navajo Indian Reservation 
General: 


Arizona, New Mexico, Utah: carnotite: 161. 
Arizona, New Mexico, Utah: Navajos may 
reassign mining rights: 178. 


Nevada 
General: 12, 13, 25. 
Carnotite: ooh in Prmon agye 62. 
Heetheras eposits: 62. 
enna a dentine: 62. 
Tests by Uranium Vanadium Exploration 


Co.: 139. 
Biblio raphy: 9, 10, 26. 
Ch County— 
Wonder and Fairview, location between: 
uranium ore “of good grade”: 106. 
Clark County— 
Green Monster mine near Goodsprings: pros- 
poms work to be started: 129; uranium: 
1 


Sloan Mining District: 
Sloan: carnotite: 26; 
carnotite in rhyolite joints: 34. 
2 mi. S. of: carnotite: 37, 126; 
ae coating joints in rhyolite: 


Sutor Mining District: 
Sutor: radium: 26. 
2 mi. West of: carnotite: 126. 
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URANIUM OCCURRENCES (contd.) 


Nevada (contd.) 

Sutor area: carnotite, patches with man- 
ganese oxide in 4, tone: 59: several 
carnotite d 

Yellow Pine Maing District: 
rings: carnotite: 126; radium: 26. 
2 mi. North of: carnotite: '37; carnotite 
in sandstone: 59. 
Elko County— 
Midas: low-grade uranium ore: 156. 
Eureka County— 
Unnamed location in Pinon Range, 15 mi. 
S. of Palisade: uranium in asphaltite: 26. 
Humboldt County— 
Rocky my pitchblende vein being de- 


oa 
in Valley: carnotite in opal: 85. 


District: 
carnotite in rhyolite joints and in gold ore: 
59; radium: 26. 
Atlanta mine: carnotite: 37, 39, 82, 126. 
Patterson Mining District: 
Cave bed cave: trace of uranium in 


clay 
Cnn! Valley mine: reported uranium and 
radioactivity not found: 80. 
Cave Valley mine of Great Western Co., 
Caliente: uranium deposit: 123. 
Pioche: carnotite in andesite: 34. 
50 mi. North of: unidentified carnotite- 
like mineral: 82. 
Lyon County— 
Southern part: pitchblende: 155. 
Two unnamed locations: 
uranium deposits: 130. 
Nye County— 
Round Mt. near Tonopah: 
— and “commercial” uranium: 


Heneberg property (or Rainbow claims): 
uranium deposit: 131, 132; uranium de- 
posits under develo ment: 137, 143. 

North Star mine at Tonopah: uranium 
deposit: 135. 

Tonopah: autunite, some 6-8% uranium 
= lee - aap ace and commercial ura- 


Pershing County— 
Antelope Mining District: 
Majuba Hill: torbernite: 84. 


New Mexico 
General: 12, 13, 25; torbernite: 118. 
eaattee in pootenn: 46, +. 
-uranium deposits: 
Flacrite, uranium-bearing: 95. 
Hydrothermal vein a ey 62. 
Lignites, uranium- 
Unnamed location, N. 
carnotite: 93. 
Bibliography: 4, 9, 10. 
Colfax County— 
President mine near Elizabethtown: urani- 
nite: 104. 
Dona Ana County— 
Memphis King mine at Organ: secondary 
uranium mineral: 160. 


‘ * of state: 
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Grant County— 
Big Burro Mt. 
-Tor-Plac Co.’s 3 claims, 10 mi. §, ¢ 
Phelps Dodge camp at Tyrone: autun- 
ite, torbernite in diabase dike walls: 5, 
Ra-Tor Mining and Manufacturing Co, 
—_ near Tyrone: uranium, radiup: 


Black Hawk Mining District: pitchblende: 


Central Mining District: 
Lucky Bill mine at Bayard station: un. 
nium oxide: 114. 
Eureka Mining a 
autunite: (?) 69 
White Oaks (should read: White Signal) 
Mining District, 9 mi. S. of Tyrone: 
autunite, torbernite: 33. 
White Signal Mining District: 92; autunite, 
torbernite: 54, 69, 102. 
A. A. Leach claims near White Signal post 
office: 113. 
Acme claim: ye. torbernite: 57. 
Black Hawk cam Bullard’s Peak, 12 
mi. N.W. of eee itchblende: 57, 
Burro Mts., 4 mi. E. of. + er tor- 
bernite in diabase dikes: 5 
Camp Kithil near Silver City: kithilite, a 
oo torbernite: 111; torbernite:| 
11 


Foster claim: autunite, torbernite: 57. 

Grissom claim: autunite, torbernite: 57, 

Merry Widow claim: autunite, torbernite 
57; torbernite: 28. 

Merry Widow mine a, are City: pitch- 
blende, torbernite: 7. 

Merry Widow mine att: high grade 
uranium ore: 112. 

Otto Forester’s radium mine, 1 mi. S. 0 
White Signal post office: torbernite in 
felsite dike: 19; torbernite ore worth 
$25 per on io; plan to install con- 


centratin 
Shamroc se ma ha S. of Tyrone: autun- 
ite, torbernite: 57. 


Si City: torbernite: 93. 

Silver City: torbernite: 99, 115. 

Silver City, 2000 acres, 17 mi. from: ur 
nium: 159. 

Tullock mine, 8 mi. S. of Tyrone: autun- 
ite, torbernite: 57. 

a kithilite, pitchblende, torbernite: 

Hidalgo County— 
Sylvanite Mining District: autunite: @. 
McKinley County— 

Grants area: development of uranium de 
posits in Todilto limestone and Brushy 
Basin member of Morrison fm.: 77; ut 
nium deposits: 88; uranium in Todilto 
limestone: 29. 

Santa Fe Railway land: carnotite, gui 
mite, pitchblende, rutherfordine, tyuye 
munite, uranophane in Todilto lime 
stone: 176. 

Santa Fe Railway land, Haystack Mt.,N 
of Prewitt: uranium deposits: 180. 
Zuni Uplift: uranium-bearing limestone: n 
Zuni Uplift area 5 mi. N. of Prewitt: pitch 

blende and other minerals: 63. 
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Mora County— pa 
Pidlite tite: microlite: 70. 
io Arriba County— 
um: uranium-bearing lignites: 53. 
Petaca Mining District: gummite, samar- 
skite, uraninite, uranophane: 54; samar- 
skite in pegmatite: 70. 
Beryl Prospect N. of Cribbensville & S. 
a Canada la Jarita: gummite, monazite, 
samarskite, uraninite: 42. 
Claim 24% mi. S.W. of Petaca: gummite, 
pitchblende, uran : 69. 
Cnibbenville mine, Petaca: monazite with 
uranium: 66, 
Fridlund claim, 2% mi. S.W. of Petaca: 
monazite, samarskite, uraninite: 35. 
Fridlund dike, 244 mi. S. of Petaca: 
fergusonite, samarskite, uraninite, etc.: 


69. 

Fridlund mine, S. of Canada la Jarita: 
monazite, samarskite: 42. 

Globe mine: monazite, samarskite: 100. 

Globe pegmatite: monazite, samarskite: 


100. 
Las Tablas: samarskite, thorium, etc.: 40. 
— mine near Las Tablas: samarskite: 


Mille mine, S. of Canada la Jarita: 42. 
Petaca: 92. 
Sandoval County— 
General: uranium-bearing lignites: 53. 
Cochiti Mining District: carnotite: 54. 
Peralta Canyon: carnotite: 40, 60, 69. 
San Juan County— 
Farmington: carnotite: 99. 
Navajo Indian roger ge: 
Carnotite: 140, 161, 172; 
Claims subleased to V.C.A. by A.E.C.: 
140. 


Uranium deposits: 178. 

Carrizo Mt.: carnotite: 54. 

Carrizo Mts.: carnotite: 86, 87. 

East flank: carnotite: 69. 

Four Corners area: 172. 

Lukachukai Mts.: carnotite: 185; uranium 
claims: 186. 

San Miguel County— 
Bull Creek, — "ivien Las Voges: monazite, 


analysis 

Bull Creek area, 15 mi. W. of Las Vegas: 
monazite with uraniuin: 69. 

“—_ Mt. area, W. of Las Vegas: samarskite: 


nr Vegas, S.W. of: cyrtolite, pitchblende: 
69. 


Santa Fe County— 
Glorieta: monazite reported, really from 

Taos: 67. 

Socorro County— 
San Lorenzo Gulch, Polvadera Hills, 6 mi. 

W. of San Acacia: torbernite: 50. 

San Lorenzo Mining District: autunite, tor- 

bernite, uranophane: (?) 54, 69. 

Jerome Copper mine, N.E. side Limitar 
Mts.: torbernite, uranophane: 40; urano- 
phane: 60. 

Scholle: carnotite: 54, 69, 93, 99. 

Unnamed location: torbernite: 49, 
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Taos County— 
mine (pegmatite) with WY i 8 mi. 
E. of Dixon: microlite: 64, 98 
mine area: unnamed iciete min- 
eral with trace of uranium: 69. 
Harding pegmatite: microlite with beryl: 65. 
Taos: monazite, reported from Glorieta: 67. 
er Iie teashinh salle wtih diaper: MP. 
per uranium oxide wi r: 10 
Grants area: carnotite and schovechingerite 
in Morrison fm.: 89; 
carnotite in Brushy Basin sandstone: 53; 
carnotite in Recapture sandstone: 53; 
carnotite in Todilto limestone: 53; 
carnotite, tyuyamunite, and uranophane 


in Todilto limestone: 89; 
pitchblende: 89. 
uranium deposits: 88. 
Operation Haystack, W. of Grants: 170, 
Santa Fe way land: carnotite: 165, 
175; low-grade uranium ore: 172; 


tyuyamunite in Todilto limestone: 
173; uranium deposits: 174; uranium 
~ roduction by ystack Mountain 
velopment Co., a subsidiary: 177. 
Indian Reservation: 170; 50 mi. W. 

of Albuquerque: 177. 
Anaconda to explore and develop: 181; 

uranium deposits: 180. 
Opal, Uranium-bearing, Occurrences 
Nevada: 


Humboldt County— 
Virgin Valley: carnotite: 85. 


Petrified of a Uranium-bearing, Occurrences 
General: 1 
Arizona: 
General: carnotite: 148. 
Coconino County— 
Lee’s Ferry: 21. 
Marble Canyon: 21. 
— liffs: 16, 144; carnotite: 142, 
146. 
Navajo County— 
Holbrook, S. of: 144. 


Pyromor phite, Uranium-bearing, Occurrences 


Santa Cruz County— 
“Spelbrink”’ claim: 103. 


URANIUM PRICES 


Arizona 
Apache County— 
Navajo Tndian Reservation carnotites: per- 
centage to Navajo owners: 140. 


Colorado Plateau 
Minimum prices guaranteed: 187. 


New Mexico 
San Juan County— 
Navajo Indian Reservation carnotites: per- 
centage to Navajo owners: 140. 


United States 
Minimum prices guaranteed: 2, 187. 
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fore nag PROCESSES White Signal Mining District: 54. —— 
er Pa pm torbernite mining stopped; 
112. 
—. Coun’ — M Kink C to process: 

Navaj ian Reservation: mill may be G ey County— 
built: 164. rants area: Anaconda to build processing 

Navajo Indian Reservation carnotites, treat- San plant: ~ 

Colorado, plant when aoe ounty— b 
rehabilitated by V.C.A.: 140; White Can- _ —_ ge uying station for 
yon District, Utah, pilot treatment plant: pe seuepti sapling sal pena 
140. fe. 186; uranium ore ‘ampling pin plant: 
New Mexico uranium processing plant to be built: 
McKinley County— 186. 

Grants area: Anaconda to build plant: 73. Valencia County— 

San Juan County— Bluewater area: Anaconda to build mij: 

Navajo Indian Reservation carnotites, treat- 177, 181. The nan 
ment: Durango, Colorado, plant when Santa Fe Railway land: uranium Produced § and limest« 
rehabilitated by V.C.A.: 140; White Can- A Haystack Mountain Development Co.: extends sor 
= District, Utah, pilot treatment plant: ai Seo sacks 

; United States 

Shiprock: uranium ore ling plant: 47, U.S.A.E.C. Bonus as incentive: Colorado Ph. Cretaceous 

~ 1 — plant to be built: 161. teau: 163. The Bea 
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The name Beaverhead formation is proposed for a thick sequence of conglomerate, sandstone, siltstone, 


These rocks are clearly sedimentary by-products of the Laramide orogeny and probably range from late 
Cretaceous to early Eocene. 

The Beaverhead formations consists predominantly of conglomerate. In part of the area, an upper and 
alower conglomerate member are separated by a middle member of limestone. Where the limestone mem- 
ber is inconspicuous or absent, the upper and lower conglomerate members cannot be differentiated. The 
most nearly complete and best-exposed known section of the Beaverhead formation, designated the type 
section, is near the mouth of McKnight Canyon, 6 miles west of Dell, Montana. Here the formation can 
be divided into four mappable units; elsewhere no more than three units can be recognized. In the Mc- 
Knight Canyon section, the top and bottom members are dominantly conglomerate, composed of pebbles, 
cobbles, and subordinate boulders set in a sandy matrix cemented by calcite; breccia beds occur locally. 
This coarse debris was derived from rocks of Precambrian, Paleozoic, and Mesozoic age and consists largely 
of limestone and quartzite. The intermediate member consists of two mappable units: a lower thick, mas- 
sive limestone, locally concretionary, and an upper sequence of interbedded siltstone, sandstone, arkose, 
limestone, and subordinate conglomerate. At McKnight Canyon, where the base and the top of the forma- 
tion have been faulted and eroded, the exposed thickness of the section is approximately 9700 feet. 

The Beaverhead formation rests unconformably on rocks as young as the Colorado group and as old 
as early Paleozoic, and it probably rests unconformably upon rocks as young as the Montana group and 

asold as Precambrian. It is unconformably overlain by vertebrate-bearing fluviatile or lacustrine tuffaceous 
fi of Eocene and Oligocene age. The coarse debris that composes the formation was eroded from near- 

by mountains that were uplifted in Late Cretaceous, Paleocene, and early Eocene time, and was deposited 
in basins adjacent to these mountains. The resulting rocks, a product of Laramide orogeny, were later 
folded and displaced by overthrusting and block faulting. In places, these rocks are overlain by thrust 
sheets of Paleozoic rocks. 





CONTENTS 
TEXT . ILLUSTRATIONS 
= : 
EE Ie Perera mee 236 . Nay sad 
IE ite neh nesnscrwhactuans 237 1. Known distribution of the Beaverhead for- 
Stratigraphic description..............++.: 237 mation and other conglomerates in Beaver- 
General discussion. ............cceceeeees 237 head and Madison Counties, Montana.... 236 
Conglomerate members...............++++ 237 2. Geologic map of the McKnight Canyon area, 
Limestone member..............+.++e0e: 239 Beaverhead County, Montana............ 237 
=") hee Eon Fain ee 
i) sols ann ctek att unaoad 240 1. Photographs of the Beaverhead formation.. 240 


Structural relations. ................ee0e- 240 2. Photographs of the Beaverhead formation.. 241 
i 1 


ee | 








eee eee ee 


236 


INTRODUCTION 


The name Beaverhead formation is proposed 
for the thick sequence of predominantly con- 
glomeratic sedimentary rocks, probably Late 
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The Beaverhead formation was not describej 
or mapped in detail by earlier workers. Shenop 
(1931, p. 17) thought that a thick section oj 
these red and gray conglomerates and sand. 
stones was probably Triassic “Red Beds,” 
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Ficurg 1.—KNown DIstTrR1iBUTION OF THE BEAVERHEAD FORMATION AND OTHER CONGLOMERATES Ii 
BEAVERHEAD AND MapIsON COUNTIES, MONTANA 


Cretaceous to Eocene in age, that crop out 
over an area of at least 400 square miles in 
Beaverhead County, Montana, and extend 
southward across the Montana-Idaho boundary 
(Fig. 1). Similar rocks along the west flank of 
the Snowcrest Range in southwestern Madison 
County, Montana (Fig. 1), may also belong to 
this sequence, but they are not assigned to it 
in this paper. An understanding of the Beaver- 
head formation is believed to be an important 
key in the eventual deciphering of the Late Cre- 
taceous and early Tertiary geologic history of 
southwestern Montana. 


Alden (1946) and Pardee (1950, p. 377) refer 
to part of the conglomerate sequence as eatly 
Tertiary and to the red conglomerate ani 
sandstone beds east of Dell as probably Triassic 
On the recent reconnaissance geologic map @ 
Montana (Andrews ef al., 1944), these rocks 
are shown as Tertiary “lake beds.” 

Since the summer of 1946, several geologist 
of the U. S. Geological Survey, several graduatt 
students of the University of Michigan, and 
several geologists employed by oil companies 
have been doing geological work in the region. 
The authors are deeply grateful for the maty 
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contributions of information pertaining to the 
Beaverhead formation received from these per- 
sons. Suggestions by W. B. Myers and R. W. 
Swanson of the U. S. Geological Survey were 
particularly helpful. 


INTRODUCTION 


STRATIGRAPHIC DESCRIPTION 


General Discussion 


In part of the area of outcrop, the Beaverhead 
formation can be divided into three members 
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Ficure 2.—Gro.ocic Map oF THE McKnicGut CANYON AREA, BEAVERHEAD County, MONTANA 


GEOLOGIC SETTING 


Precambrian metamorphic rocks, Paleozoic 
Mesozoic, and Tertiary sedimentary rocks, and 
Tertiary intrusive and extrusive rocks are ex- 
posed in Beaverhead County, Montana. 

The Mesozoic and older formations are ex- 
posed in truncated, generally north-trending 
anticlines and synclines that are in part cov- 
ered by somewhat less-deformed Beaverhead 
formation. Slightly deformed Tertiary lava 
flows and tuffs unconformably overlie the older 
sedimentary rocks. Thrust faults and high-angle 
normal faults have increased the complexity of 
the geologic structures (Fig. 2). 





for detailed geologic mapping. The lower and 
upper members are dominantly conglomerate. 
The middle member is composed of limestone 
in most localities where it has been recognized, 
but at one locality it consists of a unit of lime- 
stone overlain by a unit of interbedded silt- 
stone and sandstone with subordinate arkose, 
limestone, and conglomerate. 


Conglomerate Members 


The conglomerate members of the Beaver- 
head formation are poorly exposed in most of 
the area, but excellent exposures are found in 
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TABLE 1.—STRATIGRAPHIC SECTION OF THE BEA- 
VERHEAD FORMATION NEAR MCKNIGHT CANYON, 
BEAVERHEAD CounTy, MONTANA 

Madison limestone (Mississippian) 

Thrust fault. 

Beaverhead formation (probably Late Cretaceous to 
early Eocene) 

Member Thickness 

in feet 

d 3600+ Conglomerate: composed domi- 
nantly of limestone fragments as 
much as 15 inches in diameter, 
angular to well-rounded, some 
quartzite pebbles, cobbles, and 
occasional boulders, enclosed in 
calcareous, sandy matrix; mas- 
sive, generally well-stratified, in 
beds as much as 20-30 feet thick; 
medium light to medium dark 
gray; weathered surfaces and 
mantle develop grayish-pink and 
grayish-yellow colors; contains 
many interbedded pale-red sand- 
stone lenses. Limestone fragments 
derived mostly from Madison 
limestone (Mississippian) ; quart- 
zite fragments from Flathead 
quartzite (Cambrian) and the 
Belt series (Precambrian). 


Siltstone dominant, with inter- 
bedded sandstone, conglomerate, 
limestone, and arkose: very light 
gtay to medium gray; calcareous; 
massive, poorly bedded; abun- 
dant but poorly preserved gas- 
tropods in siltstone near middle 
of unit; residual mantle of red 
and white quartzite gravel covers 
most of unit; basal 100 feet con- 
sists of calcareous sandstone, 
arkose, and conglomerate. 


Limestone: pinkish gray, yellow- 
gray, and pale yellowish brown; 
massively but distinctly bedded; 
very fine-grained, odlitic and con- 
cretionary with concretions as 
much as 60 mm in diameter; sand 
grains and angular and rounded 
larger fragments are present 
locally; contains some poorly 
preserved gastropods; several 
conglomerate beds as much as 20 
feet thick are present. Basalt sill, 
10-30 feet thick, occurs slightly 
above the middle of the member. 
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TABLE 1 (cont’d.) 
Member Thickness 
in feet 

a 3500+ Conglomerate and breccia: simj- 
lar to top member, d, but cop. 
tains fewer quartzite pebbles and 
cobbles; limestone fragments al- 
most entirely derived from Madi- 
son limestone. 


Total 
thick- 
ness 9700+ 
Talus; conceals normal! fault 
Thaynes formation (Lower Triassic) 





deep gullies, canyon walls, and steep slopes 
where the mantle is removed rapidly. 

The calcareous cement of the conglomerate 
beds is easily leached, permitting a thick mantle 
of pebbles, cobbles, and boulders to accumulate 
over the beds except on steep slopes. The 
mantle developed on the conglomerate members 
is light red, dark reddish brown, gray, or pale 
yellowish orange. The light red color charac- 
terizes the mantle formed on conglomerate con- 
taining a large proportion of quartzite frag- 
ments; gray, yellow, and dark reddish brown 
characterize the mantle on conglomerate con- 
sisting mostly of limestone fragments. 

Accessible conglomerate exposures are abun- 
dant on both sides of U. S. Highway 91 between 
Dalys Spur and Armstead and on the east side 
of the highway between Armstead and Dell, 
Montana (Fig. 1). 

The thickne’s of the conglomerate members 
is known only for the McKnight Canyon sec- 
tion where the lower member is approximately 
3500 feet thick and the upper member is ap- 
proximately 3600 feet (Table 1). 

The conglomerate members are typically 
well stratified, consisting of beds as much as 
30 feet thick (Pl. 1, fig. 1). Interbedded sand- 
stone lenses are as much as several hundred 
feet long as exposed in outcrops. Stratification 
in the conglomerates is emphasized by the 
interbedded sandstone lenses, size of compo- 
nents in adjacent beds, and color differences. 
Cross-bedding in the conglomerates has been 
observed only in Clark Canyon. Channels have 
been eroded in some conglomerate beds and 
have been filled by detritus similar to material 
of the overlying bed. 

The conglomerate members consist mostly of 
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rounded and subrounded pebbles, cobbles, and 
boulders. Size and shape studies have not been 
made. 

Adjacent conglomerate beds differ from one 
another markedly in size of components, which 
are generally quite uniform in size for a par- 
ticular bed. Boulders 6 to 8 feet in diameter 
(three boulders more than 20 feet in long diam- 
eter have been observed) occur in some well- 
stratified conglomerate beds. 

Limestone pebbles, cobbles, and boulders 
generally make up as much as 75 per cent or 
more of the coarse components, and quartzite 
detritus the remainder. At some exposures, 
pebbles, cobbles, and boulders of quartzite 
make up as much as 95 per cent of the con- 
glomerate. Locally the limestone fragments 
are subangular and angular. 

The lithology of the pebbles, cobbles, and 
boulders indicate the source rocks, as most of 
the formations of this region have distinctive 
composition, textures, and colors. Limestone 
fragments were derived mainly from the Madi- 
son limestone as shown by the composition, 
fossils, and color. The quartzite fragments are 
white, gray, pink, and red and many show 
cross-bedding; most of them were presumably 
derived from the Precambrian Belt series which 
crops out west and northwest of the area of 
the Beaverhead formation. 

The lithologic composition of the basal zones 
of both the lower and upper conglomerate 
members differs notably from place to place; 
commonly a high percentage of the fragments 
was derived from a near-by source. In the 
Dalys Spur-Small Horn Canyon-Armstead area, 
conglomerate beds contain abundant gneiss and 
granite cobbles and boulders derived from pre- 
Beltian rocks. Boulders of marble are abundant 
locally. These Precambrian metamorphic and 
igneous rocks are exposed on the west and 
northeast boundaries of the above area. 

The matrix of the conglomerates consists of 
white, gray, pink, and red sand grains and 
calcite cement. The pink and red sand grains 
cause much of the red coloration of the forma- 
tion. Some sand grains are coated with hema- 
tite, but many consist of pink and red quartz. 

The distinction between the lower and upper 
conglomerate members depends upon the pres- 
ence of the middle limestone member. More 
detailed studies may confirm the impression 
that, in general, fragments of Precambrian 
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rocks are more abundant in the upper than in 
the lower member. Any such criterion, however, 
must be used with extreme caution, particu- 
larly when applied to conglomerates derived 
very near the source. 


Limestone Member 


The limestone member observed over an 
extensive area, was first studied by Lowell at 
McKnight Canyon and later identified by him 
east of Grayling, Clark Canyon, and Small 
Horn Canyon. Limestone of similar lithologic 
characteristics occurs in Tps. 11 and 12 §S., 
R. 6 W., and in the area of Antone Peak (sec. 
23, T. 12 S., R. 5 W.), but its stratigraphic 
position is not definitely known. The limestone 
member is 3 feet thick in sec. 12, T. 9 S., R. 
10 W., and approximately 1000 feet thick 
near McKnight Canyon. 

In the McKnight Canyon area, the limestone 
member can be subdivided into two mappable 
units: a lower limestone unit and an upper 
siltstone unit (Table 1). 

The contacts between the limestone member 
and the lower and upper conglomerate members 
have been quite sharp where observed and 
indicate a rapid change in sedimentary condi- 
tions. 

The limestone is massive, thick-bedded, and 
finely crystalline; it is gray, yellowish gray, 
pinkish gray, or pale yellowish brown. Locally 
it is porous and concretionary. A few poorly 
preserved gastropods have been found in it. 
Some interbedded conglomerate layers are pres- 
ent in the McKnight Canyon section. 

The concretionary structures, as much as 
60 mm. long, are best seen on weathered sur- 
faces (Pl. 1, fig. 2). Nuclei are generally present, 
and sand grains are present throughout some 
concretions. Nuclei consist of sand grains and 
small rock fragments. The concretions may be 
closely packed or separated from each other. 
The concretionary structures in the limestone 
are similar to the algal pebble limestone of the 
Green River formation (Bradley, 1929, Pls. 
46B-47). Concretionary structures in the hand 
specimen strongly resemble algal structures, 
and three thin sections show structures that 
appear to be of organic origin. 

The interbedded conglomerate layers, as 
much as 20 feet thick, are similar in nearly all 
respects to the lower and upper conglomerate 
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units except that boulders are generally not 
present. 


McKnight Canyon Section 


The thickest and best-exposed section of the 
Beaverhead formation observed by the authors 
here designated the type section, crops out near 
the mouth of McKnight Canyon in T. 12 S., 
R. 10 W. (Fig. 2). 

The calculated thickness of the section is 
9700 feet, and neither the base nor the top of 
the formation is present. The base of the section 
is marked by high-angle normal faults which 
have dropped the Beaverhead formation against 
the Triassic Thaynes formation and the Missis- 
sippian Madison limestone (Fig. 2). The con- 
tact between the Beaverhead formation and 
the Pennsylvanian Quadrant formation is ob- 
scured by talus. At the top of the section, a 
plate of Madison limestone has been thrust 
over the Beaverhead formation. 

The Beaverhead formation as exposed near 
McKnight Canyon is composed of the three 
members already described, and in addition 
the middle limestone member has been sub- 
divided into a lower and an upper unit for 
detailed mapping purposes shown on Figure 
2 as Tbb and Thc respectively. The strati- 
graphic section is described in Table 1. 


Grotocic AGE 
Paleontology 


An early Paleocene age for the middle part 
of the Beaverhead formation is tentatively indi- 
cated by fossil fresh-water gastropods collected 
from approximately the middle of the siltstone, 
member C, of the McKnight Canyon section 
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and identified by Teng-Chien Yen (written 
communication) as follows: 


Lioplacodes cf. L. ienuicarinaia (Meek and Hayden) 
Lioplacodes cf. L. limnaeiformis (Meek and Hayden) 
Amnicola sp. undet. 

Hydrobia sp. undet. 

Pleurocera cf. P. warrenanum (Meek and Hayden) 
Goniobasis? sp. undet. 

Pleurolimnaea sp. undet. 

Physa sp. undet. 

Holospira cf. H. grangeri Cockerell 

Oreohelix sp. undet. 


Yen states that, because of the poor preserya- 
tion of the specimens, the specific identity of 
several species in the collection cannot be 
established; therefore the early Paleocene age 
assignment for the enclosing bed is not too 
certain, and it may possibly be Late Cretaceous, 
In the McKnight Canyon section, approxi- 
mately 4500 feet of the formation had been 
deposited earlier than the fossil-bearing silt- 
stone. More detailed work in the future may 
date the formation more precisely. 


Structural Relations 


Structural relations to older and younger 
formations indicate that the Beaverhead for- 
mation may be very late Cretaceous, Paleo 
cene, or early Eocene. Unconformable contacts 
with all the underlying formations from Missis 
sippian Madison limestone up to the Creta- 
ceous Colorado group, and possibly the Mon 
tana group, have been observed; conglomeratic 
rocks that may belong to the Beaverhead for- 
mation, although they are not here assigned to 
it, rest unconformably on Precambrian and 
early Paleozoic rocks along the west flank of 
the Snowcrest Range. Southeastward from the 





Prate 1—PHOTOGRAPHS OF THE BEAVERHEAD FORMATION 


Ficure 1. STRATIFICATION IN THE BEAVERHEAD FORMATION 
Strata are dominantly conglomerates and some thin-bedded sandstone lenses. In Grasshopper Creek 


Canyon, about 1.5 miles southeast of Bannack, Mont. 


FiGurE 2. ALGAL (?) LIMESTONE 
Concretions are embedded in a sand and grit matrix. Approximately 3¢ natural size. 
Figure 3. ANGULAR UNCONFORMITY BETWEEN THE BEAVERHEAD FORMATION (TOP) AND THE 
Triassic Dinwoopy FoRMATION AND THE PERMIAN PHOSPHORIA FORMATION 


High bluff west of Dalys Spur, Montana. 


Ficure 4. ANGULAR UNCONFORMITY BETWEEN THE BEAVERHEAD FORMATION (TOP) AND THE 
Upper BEDs OF THE CRETACEOUS KOOTENAI FORMATION (BOTTOM) 
Half a mile up Grasshopper Creek from its junction with Beaverhead River. 
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GEOLOGIC AGE 


south side of Grasshopper Creek to the top 
of the cliff at Dalys Spur (secs. 26 and 35, T. 
8 S., R. i0 W.), the Beaverhead formation 
unconformably overlies the Cretaceous Koote- 
nai formation, Triassic Dinwoody formation, 
and Permian Phosphoria formation (Pl. 1, 
fig. 3). An angular discordance of about 25° 
between the Beaverhead and Kootenai forma- 
tions is exposed in a dry gulch in the SW} 
SEM sec. 11, T. 8S., R. 10 W. (PL. 1, fig. 4). 
An angular unconformity between the Beaver- 
head formation and the Mississippian Madison 
limestone (Pl. 2, fig. 1) occurs 2 miles north 
of Armstead, Montana, on U. S. Highway 91 
(NEM SE} sec. 32, T. 9 S., R. 10 W.). Near 
the base of Antone Peak (sec. 23, T. 12 S., 
R. 5 W.) and in the Red Conglomerate Peaks 
in the headwaters of Sawmill Creek (approxi- 
mately sec. 33, T. 15 S., R. 8 W.), the Beaver- 
head formation overlies, probably unconform- 
ably, sedimentary rocks tentatively identified 
as equivalents of the Late Cretaceous Montana 
group. 


CORRELATION 


Yen indicates that the gastropod-bearing 
bed of the Beaverhead formation may be cor- 
related with the Puerco and the Torrejon 
formations of New Mexico and with part of the 
Fort Union formation in Montana. 

The Sphinx conglomerate (Peale, 1896, p. 
3) in the Madison Range is similar to the 
Beaverhead formation. Both are dominantly 
conglomeratic and appear to be sedimentary 
by-products of Laramide orogeny deposited in 
relatively depressed areas adjacent to rising 
mountains. It is not known, however, whether 
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the basins in which these deposits were laid 
down were interconnected or even strictly con- 
temporaneous, for the chronology of Laramide 
diastrophism may have been dissimilar in differ- 
ent parts of southwestern Montana. Therefore, 
the authors consider it advisable to assign a 
new formational name to the rocks in Beaver- 
head County, whose age limits and structural 
relations are reasonably well known, rather 
than assign them to the Sphinx conglomerate, 
whose age and structural relations are not well 
known. 

Concerning the Sphinx conglomerate, Peale 
states, 


“This remnant is between 2,000 and 3,000 feet in 
thickness, made up of reddish sandstones and hard 
conglomerates of limestone pebbles and boulders 
cemented with a reddish sand. The entire mass of 
the peak is co of these beds, which are 
horizontal in position and distinctly stratified... . 
So far as observed the strata are nonfossiliferous, 
the character of the beds precluding the preserva- 
tion of fossils. They are, therefore, somewhat ar- 
bitrarily referred to the Eocene, but they form a 
group certainly older! than the Bozeman lake beds 
and younger* than the Livingston formation.” 


This brief description suggests that the 
Sphinx is lithologically similar to parts of the 
Beaverhead formation and that it may have 
been deposited under similar conditions at 
about the same time. However, there is no 
evidence to date the upper limit of the Sphinx, 
nor do its structural features demonstrate that 
it was involved in Laramide folding and fault- 
ing. The Sphinx might, therefore, be younger 
than the Beaverhead formation which defi- 


*In Peale’s report, the wording is actually 
ommape than the Bozeman lake beds and older 
than the Livingston beds”; obviously “younger” 
and “older” were transposed. 





Prate 2.—PHOTOGRAPHS OF THE BEAVERHEAD FORMATION 


Figure 1. ANGULAR UNCONFORMITY BETWEEN THE BEAVERHEAD FORMATION (TOP) AND 
MISSISSIPPIAN MADISON LIMESTONE (BOTTOM) 

On U. S. Highway 91, 2 miles north of Armstead, Montana. 

Figure 2. Tarust FAutt in WuicH A PLATE OF MISSISSIPPIAN LIMESTONE (TOP) Has 
BEEN MOVED OVER THE BEAVERHEAD FORMATION 

On the west side of U. S. Highway 91, approximately 4 miles north of Armstead, Montana. 

Ficure 3. HiGH-ANGLE FAULT In Wuicu A THRUST PLATE OF MISSISSIPPIAN LIMESTONE 
(LEFT) Has MoveD DOWN RELATIVE TO THE BEAVERHEAD FORMATION (RIGHT) 
In Grasshopper Creek Canyon, about 1.5 miles southeast of Bannack, Montana. 
Ficure 4. Basatt Frows OF PROBABLE EOCENE OR OLIGOCENE AGE OVERLYING EROSIONAL 
SuRFACE DEVELOPED ON THE BEAVERHEAD FORMATION (LOWER RIGHT SIDE) 


In Pipe Organ area, 7 miles north of Armstead, Montana. 
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nitely was involved in folding and is older than 
upper (?) Eocene. Furthermore, the Sphinx 
conglomerate is very limited in distribution and 
is known only at a locality about 40 miles from 
beds definitely assigned to the Beaverhead 
formation. In the intervening 40 miles, rocks 
lithologically similar to the Sphinx and the 
Beaverhead are known at two localities. In 
T. 9 S., R. 4 W., along the west flank of the 
Snowcrest Range, coarse-textured conglomerate 
and breccia composed predominantly of lime- 
stone debris are exposed. Cursory examination 
of these rocks suggests that they lie uncon- 
formably upon Precambrian and early Paleo- 
zoic formations, but neither their age nor their 
relation to an inferred zone of thrust faulting 
along the west front of the range is known. 
R. W. Swanson reports (personal communica- 
tion) that conglomeratic rocks of similar ap- 
pearance and structural relations occur on the 
crest of the Gravelly Range, about midway 
between Sphinx Mountain and the eastern- 
most beds here assigned to the Beaverhead 
formation. These rocks may be those described 
by Scott (1938, p. 628-636) and Atwood (At- 
wood and Atwood, 1945, p. 191-199) as Eocene 
glacial deposits (Black Butte till). The authors 
feel that it would be premature to assign the 
conglomerates in the Snowcrest Range and 
the Gravelly Range to either the Beaverhead 
formation or the Sphinx conglomerate until 
more detailed work is done. 

The Paleocene Pinyon formation of Yellow- 
stone National Park and northwestern Wyo- 
ming is another predominantly conglomeratic 
sequence of rocks that was deposited at about 
the same time as the Beaverhead formation 
and probably in a similar tectonic environment. 
On Pinyon Peak, a few miles south of Yellow- 
stone Park, the Pinyon rests with angular un- 
conformity on the Upper Cretaceous Laramie 
formation and is overlain by later Tertiary acid 
breccia (Weed, 1896, p. 3). At several localities 
in the Jackson Hole area, about 30 miles farther 
south, the Pinyon rests with angular discord- 
ance on different Upper Cretaceous sedimentary 
units (Love e# al., 1948, p. 12, 25, 35, 37). 

Future detailed geologic mapping may result 
in the discovery of other bodies of similar con- 
glomerates and associated rocks between the 
known areas and may furnish additional evi- 
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dence on the extent, continuity, and correlation 
of Late Cretaceous and early Tertiary inter. 
montane deposits in southwestern Montana 
and adjacent areas of Idaho and Wyoming. 


GEoLocic History 


The Mesozoic and older formations were 
folded into generally north-trending anticlines 
and synclines during the Laramide orogeny. 
Erosion was rapid on the upper parts of rising 
folds. The detritus was deposited in near-by 
newly initiated intermontane basins as a thick 
sequence of dominant conglomerate and sub- 
ordinate sandstone, siltstone, and limestone. 
Terrestrial deposits continued to accumulate 
on relatively less uplifted structures throughout 
the period of folding and uplift, as the more 
uplifted structures were truncated by erosion. 

The collected data do not indicate the size 
or sizes of the intermontane basin or basins in 
which the Beaverhead formation accumulated, 
or whether adjacent basins, if present, were 
interconnected. Most of Beaverhead County 
seems to have been included in the same basin, 
because the conglomerate fragments appear to 
coarsen from east to west in the county, sug- 
gesting that much of the debris was derived 
from the ancestral Beaverhead Mountains along 
and beyond the west margin of the area of 
Figure 1. 

An early and a late stage of rapid uplift, 
during which coarse detritus was deposited, 
were separated ‘by a quiet period during which 
the medial limestone member was deposited in 
ponded fresh water. 

The concretionary facies of the limestone 
member probably was deposited at shallow 
depth and near a shore line (Bradley, 1929, p. 
219) as it generally contains abundant sand 
grains and small rock fragments. Such a sedi- 
mentary contact between the concretionary 
limestone and the Quadrant formation is ex- 
posed in the SEX sec. 17, T. 9 S., R. 9 W. At 
this exposure, the limestone is nearly horizontal 
and abuts against an irregular, steeply dipping 
surface of the Quadrant formation. Concte- 
tionary structures are abundant and are é2- 
closed in a sandy, conglomeratic limestone 
matrix. The exposure is interpreted as a shallow- 
water, shoreline deposit because of the angular- 
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GEOLOGIC HISTORY 


ity of the Quadrant-derived detritus and the 
attitude of the contact. 

These intermontane deposits were involved 
in folding (Pl. 1, fig. 1), thrust faulting (Pl. 2, 
fig. 2), and high-angle faulting (Pl. 2, fig. 3) 
during the later part of the Laramide orogeny. 
Subsequently, they were deeply eroded and 
covered by several hundred feet of Tertiary 
flow rocks and tuffs (Pl. 2, fig. 4), which were 
also folded, faulted, and eroded. 

A later sequence of conglomerates, sand- 
stones, siltstones, and tuffaceous sediments was 
deposited on the lavas and older rocks. This 
sequence of terrestrial sedimentary rocks, pos- 
sibly of Miocene age, is easily recognized by 
the fresh lava fragments in the conglomerates 
and sandstone. It has been slightly folded, 
intruded by basalt dikes, and partly covered 
by basalt flows south of Bannack, Montana. 
Valleys and gullies of moderate depth have 
been eroded into the later rocks. 
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In a recent paper, Stress distributions and 
aulting, W. Hafner (1951) presented an analy- 
sis of stress systems consisting of variable 
vertical and shearing stress along the bottom 
of a hypothetical crustal block, deformed in 
sinusoidal fashion. He included diagrams show- 
ing probable faults which should form under 
conditions of variable vertical uplift. The pur- 
pose of the present paper is to direct attention 
to certain structures in central Utah (Fig. 1) 
which apparently offer a remarkable example 
of Hafner’s analysis. 

The similarity of the structure across the 
Wasatch Plateau, in central Utah, to the prob- 
able fault system derived by Hafner is indeed 
striking. This relation is illustrated by a sche- 
matic structure section (Fig. 2) across the 
plateau which shows not only a series of anti- 
thetic faults, on the west-dipping Wasatch 
monocline, but also a graben near the upper 
flexure of the monocline as well as an outward 
thrust near the base. Outward thrusting, how- 
ever, is not a common feature near the base of 
the Wasatch monocline although it is clearly 
displayed at the point indicated by the struc- 
ture section. Graben also occur in the central 
and eastern part of the plateau (Spieker, 1931; 
1949). Only faulting of post-Flagstaff age is 
represented in the structure section, since the 
pre-Flagstaff structure is extremely complex 
in this area. 

A genetic association of the flexing and fault- 
ing of the Wasatch monocline is implied by the 
similarity of the structure to Hafner’s analysis, 
in spite of a slight divergence in trend of the 
high-angle faults and the monocline (Spieker, 
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EVIDENCE FOR VARIABLE VERTICAL MOVEMENT 
IN CENTRAL UTAH 


By Crype T. Harpy 


1949, folded map). High-angle antithetic faults, 
as well as a graben, also occur in conjunction 
with a monoclinal structure along the western 
central margin of the Gunnison Plateau, west 
of the Wasatch Plateau. The Valley Mountains, 
west of Gunnison, Utah, and the northern part 
of the Pavant Plateau, with an intervening 
graben, present an additional example (Gilli- 
land, 1951). In the latter case, the monoclinal 
structure is represented by a series of antithetic 
fault blocks in the Valley Mountains which dip 
opposite to the Wasatch monocline and the 
monoclinal structure in the western part of the 
Gunnison Plateau. These several occurrences 
suggest a genetic relation of faulting and mono- 
clinal flexing, and in the light of Hafner’s analy- 
sis, applied to the Wasatch Plateau, this seems 
to be a necessary conclusion. 

Thus it seems reasonable to attribute the 
monoclinal flexing and associated high-angle 


faulting, as well as some thrusting, in central 


Utah to variable vertical uplift. To assert 


merely that these structural features are the 


result of tension is inadequate. 
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On August 11, 1949, the USS Menror shot 
one partially reversed refraction profile across 
the northern Gulf of Maine, from a point south- 
east of Portland, eastward beyond Matinicus 
Rock (Fig. 1, shot 13). Three portable seismo- 
graphs were set up at Falmouth, near Portland, 
Maine, on Mt. Desert Island, Maine, and at 
Crowell, Nova Scotia. The Crowell station was 
too far to the east to obtain clear ground ar- 
rivals from most of the shots. The failure of 
one of the engines of the MENTOR near shot 
30 prevented the completion of the run and 
made it impossible to obtain a fix on the 
Lurcher Shoal buoy, which would have con- 
trolled the shot positions of the eastern half 
of the profile. As a result the eastern leg re- 
mained unreversed, and its results are un- 
reliable. 

The data obtained by the Falmouth and Mt. 
Desert Island recording stations are shown in 
columns 2 and 3 of Table 1 and Figures 2 and 
3, The travel times for shots 3 (36.7 km) 
through 11 (97.5 km) at Falmouth are well 
represented by 


T = 0.95 + X/6.49 


where X and T are in kilometers and seconds, 
respectively. 

The Mt. Desert Island travel-time curve 
(Fig. 3) consists of two branches, shots 5 
through 14, to the west of the recording sta- 
tions, falling along the upper branch. The 
travel time for these shots is 


T = 0.48 + X/6.09 


The lack of Loran and visual fixes east of 
Matinicus Rock (shot 14) and the obscure 
ground waves recorded at Crowell make an 
analysis of the lower portion of the travel-time 
curve at Mt. Desert Island difficult, and none 
is here presented. 

A slight modification of standard methods 
for interpreting reversed profiles was applied 





SEISMIC-REFRACTION PROFILE ACROSS THE GULF OF MAINE 


249 


By Samvet Katz, Ricnarp S. Epwarps, AND FRANK PRESS 


to the case of two listening stations not in line 
with the course of the shot boat.’ Using this 
method, it was found that a surface layer 5.1 
km deep, east of Falmouth, with a compres- 
sional wave velocity of 5.3 km/sec (unreversed), 
thins to the east over a distance of about 50 
km. The underlying material has a velocity 
(partially reversed) of 6.25 km/sec, with the 
interface between the two layers sloping up- 
ward to the east at approximately 3°. The 
travel times computed on the basis of the above 
assumptions and the difference between the 
observed and computed travel times are shown 
in the last column of Table 1. 

Although no unique identification of lith- 
ologies is possible on the basis of this limited 
experiment, it seems reasonable to associate 
the 5.3 km/sec velocity with the granitic rocks 
of the Maine coast. Various seismic determina- 
tions of the compressional wave velocities in 
granite range from 4.0 to 5.7 km/sec (e.g., 
Birch, 1940). 

An inspection of the results of investigations 
of the seismic velocities in the earth’s crust 
(e.g., Gutenberg, Leet, Slichter, Tuve, and 
Tatel) shows that, with few exceptions, a 
typical range of yalues for the compressional 
wave velocity of the upper portion of the 
earth’s crust is 6.0-6.3 km/sec. Our value of 
6.25 km/sec lies within this range. 

The more detailed results of C. L. Drake 
and others (1952) corroborate the interpreta- 
tion here presented. 
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TABLE 1.—Seismic DaTA 






Time in seconds 


PROFILE ACROSS GULF OF MAINE 








Residual 














Dist. in Travel Travel 

Km Time Time Travel 
Observed | Computed Time 

36.7 6.67 6.63 | +0.04 

43.0 7.67 7.65 | +0.02 

50.4 8.77 8.83 —0.06 

58.0 9.94 9.97 —0.03 

65.2 11.08 | 11.00 | +0.08 

Misfire 

81.2 13.59 | 13.57 | +0.02 

89.3 | 14.78 | 14.84 | —0.06 

97.5 | 16.08 | 16.07 | +0.01 

106.2 | 17.32 17.39 —0.07 

126.6 | 21.19 21.24 —0.05 

119.0 | 20.02 | 20.03 | —0.01 

111.6 | 18.85 | 18.68 | +0.17 

Misfire 

96.4 | 16.14 | 16.26 | —0.12 

89.1 15.05 | 15.04 | +0.01 

82.1 13.98 | 13.88 | +0.10 

74.7 | 12.65 | 12.63 | +0.02 

68.4 | 11.54 | 11.59 —0.05 

63.2 | 10.74 | 10.76 —0.02 

114.2 | 18.55 

122.5 | 19.62 

131.2 | 20.83 

158.3 | 26.10 

150.5 | 24.79 

142.3 | 23.79 

134.5 | 22.23 

156.6 | 28.27 

148.4 | 26.91 

140.4 | 25.50 

132.5 | 24.20 

Misfire 
116.6 | 21.58 














F = Falmouth, Maine. 
M = Mt. Desert Island, Maine. 
C = Crowell, Nova Scotia. 
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onr-271, Task Order XIII with the Office of 


Naval Research. 


REFERENCES CITED 


Birch, Francis (Editor) (1942) Handbook of physical 
constants, Geol. Soc. Am., Spec. Papers, no. 
36, 325 p. 

Drake, C. L.; Worzel, J. L.; and Beckmann, Walter 
(1952) Seismic refraction measurenents in the 
Gulf of Maine (Abstract), Geol. Soc. Am., Bull., 
vol. 63, p. 1244 

LaMont GEOLOGICAL OBSERVATORY, COLUMBIA 

University, PALISADES, NEw YorkK 
—_— GEOLOGICAL OBSERVATORY CONTRIBUTION 
No. 74 














The 
Ridge ar 
no age 1 
rocks ab 
epeditio 
obtained 
from dey 
slopes of 
proportio 
rocks wh 
(1949) w 
(1) holoc 
(pillow le 
serpentins 
A heliv 
on one of 
taken at 
Long. 450 
boulder ¥ 
12 inches 
pendicula: 
columnar 
from this 
tock type 
other sta 
portion sh 
which are 
thin plagi 
a calcic | 
vesicules ; 
thin sectic 
measurem 
section of 
evidence o 

The heli 
was 0,27 ) 
ito the lov 
3 blank w; 


tion due 





followed b 
This yield 
The radiu 
X 10-2 g 
fusion rele; 














VOL. 64, PP. 263-264 


BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 


FEBRUARY 1963 





The origin and age of the Mid-Atlantic 

Ridge are still essentially unknown. There are 
no age measurements available even on the 
rocks above sea level. In 1947 the ATLANTIS 
epedition under the direction of M. Ewing 
obtained several hundred pounds of boulders 
fom depths of 4000 meters from the lower 
slopes of the Mid-Atlantic Ridge. A large 
proportion of these boulders consist of eruptive 
rocks which were described by S. J. Shand 
1949) who divided them into three groups: 
(1) holocrystalline gabbroic rocks; (2) basalts 
(pillow lavas) with and without olivine; (3) 
serpentines. 
A helium age measurement has been made 
on one of the fine- grained gray basalt boulders 
taken at ATLANTIS Station 7, Lat. 3001, 
Long. 4501, depth 4279 meters. One end of the 
boulder which measured roughly 8 by 8 by 
2 inches has a skin of shiny black glass per- 
pendicular to which is an indistinct radiating 
columnar structure. All boulders recovered 
fom this station were alike, although various 
tock types were obtained from some of the 
other stations. Thin sections of the center 
portion show about 5 per cent of olivine insets 
which are perfectly fresh in a groundmass of 
thin plagioclase laths. The extinction indicates 
a calcic labradorite. There is no glass. The 
vesicules amount to about 2 per cent in the 
thin sections studied. The samples for the age 
measurement were taken from the center 
section of the boulder where there was no 
evidence of alteration. 

The helium content of a 10.7349 gram sample 
was 0.27 X 10-® cc/gm. Since this is very close 
‘0 the lower limit of the McLeod gauge used, 
a blank was made to check possible contamin- 
tion due to atmospheric helium. This was 
followed by a sample run using 36.6590 grams. 
This yielded a result of 0.31 x 10-* cc/gm. 
The radium content found was .031 + .002 
X 10" g/g. This was determined by direct 
fusion release of the radon and measurement of 
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AGE OF A MID-ATLANTIC RIDGE BASALT BOULDER 
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the activity in an ionization chamber. Assum- 
ing radioactive equilibrium and a Th/U 
ratio of 3.5, the calculated values for uranium 
and thorium are .085 X 10~* g/g and .298 x 
10-® g/g respectively. Using these values, 
measured ages of 14.4 and 16.4 million years 
are obtained from runs 1 and 2. 

Although the helium method of age deter- 
mination has been in disrepute for some years, 
owing to such complicating factors as helium 
leakage, surface contamination, and alter- 
ation, there remain certain rock types to which 
it may be applied with a certain degree of 
confidence. This basalt boulder should repre- 
sent the ideal case. Previous measurements 
made by Keevil, Hurley, Goodman, Urry, 
Strutt, Holmes, and earlier investigators on 
86 basic rocks which have been summarized 
by Keevil (1941) give .45 as an average helium 
“retentivity.”” In other words, the measured 
age is approximately 45 per cent of the true 
age. The measured ages have been considered 
as the lower limit of the true age, since the 
blank run indicated negligible contamination 
due to helium or neon. Therefore the most 
probable absolute age is 30 + 15 my. The 
upper limit was chosen to allow for a retentivity 
of only 33 per cent. The error is considered 
liberal since only 3 of 19 basalts listed by 
Keevil had a retentivity below this value. 

This age is not to be interpreted as the age 
of the Mid-Atlantic Ridge. A program to de- 
termine this would require systematic sampling 
along and across the ridge. If such a study 
should yield Tertiary ages for all samples, it 
would prove a strong argument against certain 
concepts of origin such as that of continental 
drift. This program is planned for the future. 
Since it will require some time to complete the 
new instrumentation needed for more accurate 
determination of small quantities of helium, it 
was considered worth while to make this single 
result available at the present time. 









254 SHORT NOTES 


Studies have been made of the Mid-Atlantic 
Ridge rocks where they outcrop at the surface 
at Gough Island, Tristan da Cunha, St. 
Helena, Ascension, St. Paul, and the Azores 
(Shand, 1949). It has been assumed that there 
have been lava flows on the Ridge during the 
Tertiary. This result on a basalt boulder is 
significant because it confirms Tertiary vol- 
canic activity on the ocean floor. 

The investigation reported in this paper was 
supported by the Geophysics Branch of the 





Office of Naval Research, under contrd 
N6onr-27118. 
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